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SECTION  1.0  INTRODUCTION 


1.1  BACKGROUND  AND  PURPOSE  OF  THE  STUDY 

The  implication  of  a repetition  of  the  1973  oil  embargo  and  its  atten- 
dant increase  in  the  costs  of  fossil  fuels  has  prompted  greater  interest  in 
alternate  energy  sources  by  the  Department  of  Defense  (DOD) . Concern  over 
the  availability  of  long-term  fuel  supplies,  especially  during  full  mobiliza- 
tion, has  led  to  active  consideration  of  the  use  of  nuclear  power  plants  to 
supply  energy  to  military  installations.  Under  the  auspices  of  the  Assist- 
and  Secretary  of  Defense,  an  ad  hoc  study  group  was  formed  to  evaluate  the 
environmental  and  economic  considerations  of  using  nuclear  power  at  selected 
military  installations.  The  Study  Group  is  currently  seeking  to  obtain  more 
definitive  information  on  the  technical,  economic  and  environmental  feasi- 
bility of  nuclear  reactor  siting  for  DOD  installation  support. 

The  purpose  of  this  study  is  to  perform  a siting  evaluation  and  a tech- 
nical and  economic  assessment  of  a small  nuclear  reactor  to  support  the  Rad- 
ford Army  Ammunition  Plant  (RAAP) . 

1.2  . REACTOR  CONCEPT  AND  GROUND  RULES  FOR  THE  STUDY 

As  specified  by  DOD,  this  study  is  based  upon  the  nuclear  power  plant 

technology  developed  under  the  sponsorship  of  the  Maritime  Administration 

and  the  Energy  Research  and  Development  Administration  (ERDA)  relating  to  the 

Babcock  and  Wilcox  (BSW)  Process  Energy  Consolidated  Nuclear  Steam  Generator 

(PE-CNSG) *,  (Ref.  1.0-1  and  1.0-2,  Section  1),.  Specifically  DOD  indicated 

that  information  on  the  reference  nuclear  power  plant  relating  to 

*In  this  report,  PE-CNSG  refers  to  "Process  Energy  Consolidated  Nuclear 
Steam  Generator".  Although  the  terms  CNSG  and  PE-CNSG  may  be  used  inter- 
changeably at  times,  the  latter  will  be  used  almost  entirely  throughout  the 
report. 
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specifications,  costs,  construction  schedules,  etc.  would  be  available  from 
studies  performed  under  ERDA  including  the  most  recently  updated  work  per- 
formed for  ERDA  on  this  subject  {see  Reference  3.0-1,  Section  3). 

Since  United  Engineers  & Constructors  (UEfiC)  participated  in  the  latter 
study  under  contract  E (11-1) -2477  in  conjunction  with  B&W,  it  was  possible 
to  utilize  the  material  developed  for  that  work  in  the  present  study;  al- 
though the  final  report  was  not  available  by  July,  1975  as  originally  ex- 
pected. For  the  present  study,  the  plant  concepts  developed  in  the  ERDA 
study  have  been  modified  as  required  for  adaptation  to  RAAP.  Those  drawings, 
equipment  lists,  and  portions  of  the  cost  estimate  which  have  not  required 
modification  have  been  included  as  were  originally  prepared  for  ERDA  and  are, 
therefore,  results  of  that  study.  It  should  be  remarked,  however,  tha* 
equipment  lists  relating  to  the  B&W  Nuclear  Steam  Supply  System  and  re.i  1 
equipment  were  developed  by  B&W  in  that  study;  although  3ome  modifications 
were  required  to  the  B&W  reboiler  for  adaptation  to  the  Radford  Installation. 

1.3  THE  SITE 

The  RadforW  Army  Ammunition  Plant  (RAAP)  was  chosen  as  a prime  candidate 
to  effect  a realistic  evaluation  of  the  use  of  small  nuclear  reactors.  RAAP 
is  a government-owned,  contractor-operated  facility  producing  munitions  for 
a variety  of  Weapdh  tyatfefrta.  HdreulBS  Iftcerbttrated  has  been  RAAP'S  Gofttrac1* 
tor  operator  for  more  than  twenty-five  years  and  has  more  than  ilfty  years 
of  experience  in  the  research,  development,  and  manufacture  of  explosives 
and  propellants.  Hercules  has  its  headquarters  in  Wilmington,  Delaware. 
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Constructed  during  the  pre-Pearl  Harbor  Emergency  of  1941,  the  Radford 
Ordnance  Works,  as  it  was  then  known,  rapidly  developed  into  one  of  the 
most  diversified  ammunition  plants  in  the  world.  On  standby  status  after 
the  Second  World  War,  the  plant  was  reactivated  at  the  onset  of  the  Korean 
War  and  has  remained  in  operation  ever  since.  The  Ordnance  Works  was 
redesignated  the  Radford  Army  Ammunition  Plant  (RAAP)  in  mid-1963. 

1.4  ORGANIZATION  AND  OVERALL  ACKNOWLEDGEMENTS 

This  report  addresses  the  tasks  described  in  Volume  I of  UE&C's  Nuclear 
Power  Plant  Siting  Study  (Technical  Proposal).  As  understood  in  that  proposal, 
and  in  accordance  with  the  contract  for  this  work,  the  firm  of  Dames  s Moore 
was  assigned  the  responsibility  of  addressing  the  tasks  mostly  relating  to 
site  identification  .and  evaluation  under  subcontract  to  UE&C,  the  main 
contractor  for  this  study.  All  other  tasks  dealing  with  the  technical  and 
economic  evaluation  of  the  plant  were  the  responsibility  of  UE&C. 

In  this  report,  all  of  the  work  performed  by  Dames  & Moore  in  fulfillment 
of  the  tasks  discussed  above  is  contained  in  Section  2,  Site  Identification 
and  Evaluation.  Section  3,  Plant  Design  and  Cost  Estimate,  Section  4,  Econo- 
mic and  Optimal  System  Evaluation,  and  all  of  the  Appendices,  were  all  prepared 
by  UE&C  and  address  the  ..tasks  referenced  above. 
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1.5  EXECUTIVE  SUMMARY  AND  CONCLUSIONS 


A summary  of  the  principal  section  of  this  report  and  the  major  con- 
clusions of  each  are  included  below. 

1.5.1  Section  2,  Site  Identification  and  Evaluation 

1.5. 1.1  Scope 

The  major  objectives  in  performing  the  evaluations  contained  in  Section 
2.0,  Site  Identification  and  Evaluation,  have  been  to  determine  the  feasi- 
bility of  siting  the  BfiW  PE-CNSG,  at  RAAP.  Section  2.0  provides  a detailed 
discussion  and  description  of  those  site-related  tasks  performed  by  Dames  £ 
Moore.  These  tasks  included: 

1)  the  identification  of  applicable  siting  criteria  and  development  of 
a suitable  site  identification  methodology  in  order  to  select  a 
prime  site  area  at  RAAP. 

2)  specification  of  data  requirements  necessary  for  the  study. 

3)  selection  and  detailed  evaluation  of  the  prime  site  in  terms  of 
safety,  engineering,  and  environmental  impact  considerations,  and 

4)  recommendations  for  alternative  courses  of  action  and/or  additional 
work. 

By  the  request  of  the  Department  of  Defense,  the  study  was  conducted 
with  strict  adherence  to  federal  siting  guidelines  and  regulations.  These 
guidelines  include  those  normally  used  in  siting  and  establishing  site  suit- 
ability for  large-capacity  commercial  nuclear  reactors.  Because  the  site- 
related  studies  are  only  preliminary  in  nature  and  based  on  the  data  made 
available  by  the  Department  of  Defense,  the  siting  criteria  and  regulations 
were  applied  conservatively.  That  is,  throughout  Section  2.0,  a high  margin 
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of  safety  has  been  used  in  order  to  ensure  the  acceptability  of  the  site 
under  applicable  regulatory  requirements. 

1. 5.1.2  Conclusions 

After  identifying  a prime  site  area  at  RAAP,  the  site  was  investigated 
in  detail  in  order  to  disclose  major  deleterious  site  characteristics  that 
could  preclude  licensing  by  the  United  States  Nuclear  Regulatory  Commission. 
The  disciplines  of  demography  and  land  use,  meteorology,  hydrology,  geology 
and  seismology,  and  aquatic  and  terrestrial  ecology  were  reviewed  following 
the  federal  guidelines  and  no  significant  site  parameters  were  identified 
that  would  prevent  licensing.  However,  there  are  a few  site  characteristics 
that  could  cause  some  licensing  difficulties  and  may  require  additional  con- 
siderations. These  include  possibly  unacceptably  high  levels  of  transient 
activity  in  the  exclusion  area,  the  possibility  that  future  population  in  the 
Low  Population  Zone  may  be  unacceptable  to  the  NRC,  and  that  potential  ex- 
plosive hazards  along  transportation  routes  adjacent  to  the  site  may  require 
additional  safety  features. 

Aside  from  the  aforementioned  problem  areas  (which  can  be  made  acceptable 
through  remedial  'engineering  or  by  other  means)  there  appears  to  be  no 
reason  that  RAAP,  and  specifically  site  three,  (Fig.  2-3),  could  not  be  used 
as  a site  for  the  PE-CNSG. 

1.5. 1.3  Recommendations 

The  evaluation  contained  in  Section  2.0  suggests  that  some  subjects 
should  be  examined  in  more  detail  using  site-specific  data.  Recommendations 
for  additional  work  to  remedy  uncertainties  include: 
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1)  further  definition  of  an  adequate  exclusion  area  radius  for  the 
PE-CNSG; 

2)  the  potential  for  missile  generation  and  explosions  from  RAAP,  from 
the  Norfolk  and  Western  Railroad,  and  from  State  Route  659  should 
be  investigated  in  more  detail? 

3)  site-specific  meteorological  data  should  be  obtained  by  constructing 
a meteorological  tower  on  site.  This  activity  could  also  result  in 
a shortening  of  the  licensing  schedule,  should  the  project  go  for- 
ward ; 

4)  the  effects  of  dam  failure  both  upstream  and  downstream  of  the  plant 
site  should  be  evaluated; 

5)  the  potential  for  ground  water  contamination,  in  geologic  formations 
below  the  site  should  be  examined  in  greater  detail; 

6)  more  extensive  geological  and  seismic  investigations  in  the  site 
and  near  vicinity  are  indicated.  These  include  the  performance  of 
borings,  geologic  mapping  to  identify  local  faulting,  and  further 
analysis  of  the  Safe  Shutdown  and  Operating  Basis  Earthquakes; 

7)  it  is  also  recommended  that  discussions  with  the  Nuclear  Regulatory 
Commission  be  initiated  in  order  to  define  the  possibility  of  ob- 
taining waivers  from  certain  guidelines  (specifically  in  the  areas 
of  demography)  based  on  the  unique  design  advantages  of  the  PE-CNSG. 

1.5.2  Section  3,  Plant  Design  and  Cost  Estimate 

1.5. 2.1  Plant  Design 

The  two  plant  concepts  previously  developed  under  the  sponsorship  of 
the  Maritime  Administration  and  the  Energy  Research  and  Development 
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Administration  were  modified  in  the  present  study  for  adaptation  to  RAAP. 

Two  important  factors  were  the  requirement  of  a mix  of  steam  and  electricity, 
and  the  lack  of  condensate  return  at  RAAP. 

For  the  case  of  the  mix  of  steam  and  electricity  a combination  Turbine 
Generator/Process  Steam  System  was  conceptually  designed  to  provide  the 
recommended  mix.  The  lack  of  condensate  return  was  found  to  result  in  in- 
sufficient process  steam  quantities  at  the  required  conditions  using  the 
original  rcboiler  design  and,  therefore,  required  modifications  to  that  de- 
sign. Southwest  Engineering  Co.  provided  information  which  was  used  to  in- 
clude an  evaporator  and  a superheater  combination  in  lieu  of  the  original  re- 
boiler design.  The  plant  was  thus  configured  to  export  570,000  #/hr  of  steam 
and  23  MW  of  electricity. 

Other  modifications  were  required  due  to  the  physical  location  of  the 
plant  and  the  water  quality  limitations  at  RAAP.  These  specific  site  char- 
acteristics affected  the  choice  of  cooling  system  and  required  that  a water 
treatment  facility  be  provided.  A system  with,  a mechanical  draft  cooling  tower 
was  selected. 

Finally,  a steam  distribution  system  and  the  interface  of  the  electrical 
distribution  system  were  conceptually  designed  to  interface  with  the  exist- 
ing systems. 

1.5. 2.2  Cost  Estimate 

An  equipment  list,  and  a cost  estimate  for  the  modified  plant  were  pro- 
vided. Both  of  these  were  based  on  the  cost  estimate  previously  performed 
for  the  ERDA  study  of  Reference  3.0-1.  As  with  the  plant  layout,  the  major 
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modifications  were  due  to  the  particular  requirements  of  RAAP.  * Those  items 
which  did  not  change  from  the  ERDA  study  were  included  to  present  a consist- 
ent estimate  and  overall  equipment  list.  The  format  for  presenting  these 
items  was,  as  much  as  possible,  similar  to  the  WASH-1230  series  compiled  by 
UEso  for  the  United  States  Atomic  Energy  Commission  (Ref.  1.0-3,  Section  1). 

The  plant  cost  estimated  in  1976  dollars  was  $125,000,000.  With  a con- 
tingency of  10%  and  after  escalation  and  interest  during  construction  a 
total  estimate  of  $250, .000, 000  was  obtained  for  1985.  This  figure  refers  to 
the  PE-CNSG  plant  alone,  modified  as  required  for  RAAP.  It  does  not  include 
the  additional  coal  fired  back  up  boilers,  as  discussed  further  in  the  over- 
all economic  assessment  (Section  4) . 

In  general,  the  cost  estimate  was  conservative.  However,  it  should  be 
noted  that  the  estimate  of  the  engineering  effort  could  conceivably  be  higher 
than  the  $11,000,000  dollars  used  in  the  estimate  by  possibly  $5,000,000  dol- 
lars. However,  considering  that  much  of  the  additional  effort  representing 
the  $5,000,000  dollars  might  be  performed  by  the  Corps  of  Engineers  itself 
and  that  the  overall  conclusions  of  the  economic  assessment  in  Section  4 are 
not  affected  by  the  difference,  the  value  of  $11,000,000  dollars  was  used  in 
the  estimate. 

1.5.3  Section  4,  Economic  and  Optimal  System  Evaluation 

An  overall  economic  evaluation  of  the  PE-CNSG  for  RAAP  was  performed  based 
on  a comparison  between  a total  system  consisting  of  the  PE-CNSG  with  a coal 
fired  back  up  and  the  existing  facilities  and  a t 'tal  system  consisting  of  only 
coal  fired  units. 
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The  results  of  the  evaluation  lead  to  the  following  conclusions: 

1.  Economic  characteristics  of  the  nuclear  system  over  the  coal  system 
is  strongly  dependent  upon  the  expected  utilization  of  RAAP.  At  45% 
of  peak  full  mobilization,  the  nuclear  system  has  a slight  economic 
advantage  over  the  coal  system.  (Total  present  worth  1985  owning 
and  operating  costs  of  619  Vs.  636  million  dollars).  At  60%  of  peak 
full  mobilization,  the  nuclear  system  has  a very  significant  eco- 
nomic advantage  over  the  coal  system.  For  the  full  mobilization 
case,  the  nuclear  system  has  a substantial  economic  advantage  over 
the  coal  system.  (Total  present  worth  1985  owning  and  operating 
costs  of  $506  x 106  vs.  $671  x 106) . Clearly,  the- nuclear  system's 
economic  advantage  over  the  coal  system  is  increased  with  level  of 
mobilization . 

2.  Parameters  which  can  have  a substantial  effect  on  comparative  eco- 
nomics are  coal  prices,  base  cost  estimates  for  the  nuclear  plant, 
OSM  costs  for  boiler  plant  with  S02  removal  system,  availability 
factor  for  FE-CNSG  and  escalation  rates  for  various  operating  costs 
over  the  evaluation  period. 

3.  Parameters  which  can  have  a significant  effect  on  comparative  eco- 
nomics are  nuclear  fuel  costs,  purchased  electricity  costs,  plant 
life  (evaluation  period) , nuclear  plant  O&M  costs  and  escalation 
rate  for  base  capital  costs. 

4.  The  economic  evaluation  presented  here  represents  the  situation  for 
RAAP  only,  and  does  not  represent  a generalized  evaluation  of  the 
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PE-CNSG  vs.  a coal  fired  plant.  Structural  characteristics  of  RAAP 
such  as  the  existence  of  extraction  turbines  and  associated  equip- 
ment, building,  etc.,  mean  that  the  coal  fired  system  is  not  penal- 
ized for  associated  capital  costs.  Also,  substantial  requirements 
for  low  pressure  (40  PSI)  steam  means  that  a significant  amount  of 
low  cost  electricity  can  be  generated  (with  the  use  of  extraction 
turbines)  in  case  of  an  all  coal  fired  system.  Furthermore,  the 
amount  of  total  steam  requirements  and  the  relatively  large  capacity 
of  the  PE-CNSG  adversely  affect  the  system  with  nuclear  plant  in 
terms  of  reliability  considerations  as  well  as  the  level  of  utiliza- 
tion which  can  be  achieved  for  the  PE-CNSG. 

5.  The  optimum  mix  for  the  nuclear  pi  amt  is  a function  of  utilization 
of  RAAP  (Figure  4.24).  For  the  case  when  RAAP  is  expected  to  op- 
erate at  an  average  of  45%  of  peak  full  mobilization,  the  optimum 

mix  is  a gross  electrical  output  of  30  MWe  and  a steam  export  capacity 
of  570,000  #/hr.  For  the  60%  of  peak  full  mobilization  case,  a 
mix  with  20  to  25  MWe  of  gross  electrical  output  seems  to  have  some 
advantage  over  the  all  steam  case.  The  advantage,  however,  is 
rather  small  and  the  recommended  mix  is  all  steam,  which  also  re- 
duces the  capital  investment  requirements.  For  the  full  mobiliza- 
tion case,  the  optimum  mix  is  all  steam. 

6.  For  each  of  the  three  optimum  cases  described  above,  a single 
500,000  #/hr  generating  capacity  coal  fired  boiler  is  used  as  a 
backup  for  meeting  steam  requirements.  This  will  provide  reli- 
ability equivalent  to  that  of  a coal  system  with  three  new  boilers, 
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each  with  a generating  capacity  of  250,000  #/hr.  It  is  possible 
that  the  size  of  the  backup  for  nuclear  plant  can  be  reduced  depend- 
ing upon  the  exact  nature  of  tradeoff  between  reliability  and 
capital  costs. 

7.  A sudden  reactor  shutdown  (scram)  can  result  in  loss  of  steam  supply  to 
RAAP  with,  possibly,  insufficient  warning  time  and  should  be  given 
further  consideration.  One  way  to  alleviate  the  problem  is  to  have 
the  backup  boiler  in  hot  shut-down.  This,  however,  can  be  expensive 
and  the  costs  should  be  carefully  evaluated  against  the  benefits 
achieved. 

8.  The  order  of  priority  for  meeting  steam  requirements  (including  40 
PSI  steam)  is  nuclear  plant,  boilers  in  conjunction  with  extraction 
turbines  and  boilers  alone.  For  meeting  electrical  requirements, 
the  order  of  priority  is  nuclear  plant,  electricity  available  from 
the  operation  of  extraction  turbines,  Appalachian  Power  and  con- 
densing turbines.  (The  desirability  of  Appalachian  Power  over 
condensing  turbines  depends  upon  the  particular  situation) . 
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SECTION  2.0  SITE  IDENTIFICATION  AND  EVALUATION 


2.1  INTRODUCTION 

211.1  General.  This  section  presents  the  criteria,  methodology  of 
site  identification,,  -and  the  evaluation  of  a prime  site  as  a possible  lo- 
cation for  the  Consolidated  Nuclear  Steam  Generator  (PE-CNSG)  at  the  Radford 
Army  Ammunition  Plant  (RAAP)  near  Radford,  Virginia.  The  term  site,  as  used 
throughout  this  section,  is  intended  to  mean  RAAP. 

RAAP  is  composed  of  two  major  components:  the  basic  unit  is  the  Rad- 

ford Manufacturing  plant  (4154  acres),  3.2  miles  northeast  of  Radford  City, 
and  the  New  River  Storage  Unit  (2941  acres)  located  approximately  12  miles 
southeast  of  the  main  manufacturing  facility.  Complete  and  basically  in- 
dependent water,  steam,  and  electrical  systems  for  the  Radford  unit  are 
included  (Ref.  2.0-1). 

2.1.2  Siting  Options  and  Constraints.  In  siting  power  plants  for 
electric  utilities,  the  areal  limits  of  most  investigations  are  usually  the 
boundaries  of  the  utility's  service  area.  In  the  case  of  the  Radford  AAP, 
the  study  area  is  confined  to  the  presently  existing  plant  boundaries  for 
the  following  reasons: 

(a)  there  is  a much  greater  control  of  activities  on  the  base  than 
would  be  possible  at  any  other  outside  location?  ■ 

(b)  present  levels  of  security  at  the  ammunition  plant  are  high  along 
with  well-controlled  access; 

(c)  the  plant  should  be  located  as  close  as  possible  to  the  existing 
steam  supply  system  so  as  to  minimize  operating  costs  and  impacts 
of  construction  activities? 


2-1 


(d)  because  the  ammunitibn  plant  has  already  caused  substantial 
ecological  manipulation,  it  would  be  more  advantageous  to  site 
in  such  areas  than  in  areas  which  have  undergone  little  or  no 
ecological  disturbance;  and 

(e)  since  there  may  be'  a suitable  amount  of  land  presently  available 
at  RAAP,  the  aquisition  of  new  land  outside  the  plant  could  add 
an  unnecessary  cost  penalty  to  site  development. 

At  the  initiation  of  the  project  it  was  realized  that  the  issues  of 
seismology  and  foundation  engineering  might  affect  the  use  of  RAAP  as  a 
potential  location  for  a small  (313  MWfc)  nuclear  reactor.  A preliminary 
evaluation  of  the  Safe  Shutdown  Earthquake  (SSE)  for  a nuclear  reactor  in 
the  seismotectonic  setting  of  southwestern  Virginia  revealed  that  a recur- 
rence of  the  May  31,  1897  Intensity*  VII-VJ/iI  Giles  County  event  at  the  site 
would  cause  accelerations  which  could  exceed  30%g,  depending  upon  the  type 
of  foundation  material  on  which  the  plant  was  to  be  constructed.  Also,  the 
presence  of  extensive  sinkholes  throughout  the  area  overlain  by  soil  to  a 
depth  of  70  ft.  made  it  clearly  evident  that  sites  with  suitable  foundation 
conditions  should  be  found  to  ensure  licenseability  and  minimize  design  and 
construction  costs. 

Subsequently,  a boring  program  was  initiated  to  verify  foundation  con- 
ditions at  three  sites  identified  at  RAAP.  Two  of  these  sites  were  selected 
oy  the  Department  of  the  Army.  A third  site  was  identified  after  a review 


* Modified  Mercalli  Intensity  Scale  of  1931. 
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of  available  boring  logs>  geologic  maps,  and  air  photographs  of  the  site 
area  taken  prior  to  the  development  of  the  manufacturing  facilities  (1937)  . 
The  sites  are  generally  located  as  follows  (Figure  2-3) . 

Site  1 - Located  approximately  1.6  miles  northeast  of  building  400 

towards  the  eastern  margin  of  the  magazine  area.  The  site  is 
in  the  horseshoe  bend  on  the  New  River.  RAAP  coordinates: 
N49+00?  E42+00  (approximate) . 

Site  2 - Located  approximately  0.8  miles  southwest  of  building  400  on 
fire  trail.  RAAP  reference  coordinates:  S36+00;  W52+00 

(approximate) . 

Site  3 - Located  approximately  1.4  miles  nearly  due  east  of  building 
400  adjacent  to  Stroubles  Creek.  Radford  AAP  reference 
coordinates:  N2+00;  E50+00  (approximate) . 

An  additional  and  major  constraint  considered  in  the  process  of  site 
identification  is  the  proximity  to  natural  and  man-made  potentially  hazard- 
ous areas.  The  production,  storage,  and  testing  of  propellants  and  explo- 
sives at  the  Radford  facility  generally  constitutes  a highly  hazardous  land 
use.  The  siting  of  power  plants  in  potentially  hazardous  areas  is  usually 
discouraged  but  does  have  some  precedence  in  the  Consumer's  Rover,  Midland, 
Michigan  site  which  is  contiguous  with  a chemical  plant  to  which  the  reactor 
will  supply  process  steam.  Topography  and  distance  from  hazardous  areas 
have  been  considered  as  passive  safeguards  in  the  identification  of  candi- 
date sites  and  in  the  selection  of  a prime  site. 

2.2  SITE  IDENTIFICATION 

2.2.1  Data  Requirements.  Because  of  the  great  importance  given  to  the 
safety  and  environmental  aspects  of  siting  nuclear  power  plants,  Title  10  of 
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the  Code  of  Federal  Regulations,  Part  100,  "Reactor  Site  Criteria"  (Ref. 
2.0-2)  requires  that  the  population  density,  3 and  use  in  the  vicinity  of 
the  site,  and  the  physical  characteristics  '.c.  the  site,  including  seismol- 
ogy* geology,  foundations,  hydrology  and  meteorology,  be  studied  in  order 
to  determine  the  acceptability  of  a site  for  a nulcear  power  reactor.  In 
addition,  the  National  Environmental  Policy  Act  of  1969  (Ref.  2.0-3)  re- 
quires that  all  agencies  of  the  Federal  Government  prepare  environmental 
statements  for  proposed  facilities  or  land  uses  which  may  significantly 
affect  the  quality  of  the  human  environment. 

The  multidisciplinary  nature  of  these  requirements  makes  it 
necessary  to  evaluate  a large  amount  of  site-specific  data  which  may  or 
may  not  be  available  in  the  detail  as  required  by  federal  and  state  regu- 
lations. Specific  data  requirements  outlined  in  Regulatory  Guide  4.7 
General  Site  Suitability  Criteria  for  Nuclear  Power  Stations  (Ref.  2.0-4) 
and  in  WASH  1361  Safety-Related  Site  Parameters  for  Nuclear  Power  Plants 
(Ref.  2.0-5)  are: 

Hydrology:  Probable  Maximum  flood  (PMF) ; 7-Day,  10-Year  recurrence 

low  flow;  water  quality  (ground  and  surface) ; ground  water  availabil- 
ity; bathymetric  data;  consumptive  water  use;  water  resources 
management. 

Geology/Seismology:  Surface  faulting;  local  and  regional  geologic 

structure;  geologic  history  of  the  site  area;  historic  seismicity; 
historic  ground  motion;  liquefaction,  subsidence,  and  landslide 
potential;  foundation  conditions. 
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Meteorology;  Atmospheric  extremes  (precipitation,  tornadoes,  icing 
conditions,  fogging) ; ambient  atmospheric  conditions;  ambient  air 
quality. 

Demography ; Population  density;  cumulative  population;  major  popula- 
tion centers;  transient  population. 

General  Land  Use:  Location  of  nearby  scenic,  historical,  or  recrea- 

tional areas;  hazardous  areas  such  as  Industrial,  Military,  and 
Transportation  facilities;  type,  amount,  and  frequency  of  transporta- 
tion of  hazardous  materials  near  the  site. 

Terrestrial  and  Aquatic  Ecology:  Presence  of  rare  and  endangered 

species  on  or  near  the  site;  potential  habitats  for  rare  and  endangered 
species;  unique  habitats  and  vegetation  types;  commercially  or  recrea- 
tionally  valuable  resources;  breeding,  nursery,  and  spawning  areas; 
migration  routes;  thermal  and  chemical  tolerances  of  aquatic  organisms. 

Socioeconomics : Established  and  proposed  public  amenity  areas;  land 

use  plans;  labor  force  availability;  community  service  facilities; 
and  public  acceptance  of  the.  proposed  facility. 


2.2.2  Data  Availability  and  Collection.  The  roles  of  data  availabil- 
ity and  reliability  play  an  important  part  in  the  site  identification  and 
evaluation  processes.  In  the  analysis  of  the  three  candidate  sites,  the 
factors  of  data  availability  and  reliability  have  been  taken  into  account 
by  placing  greater  emphasis  on  those  issues  which  can  be  adequately  evaluat- 
ed in  terms  of  the  available  information. 
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Under  the  scope  of  work  developed  by  the  consultants  and  agreed  to  by 
the  Office  of  the  Chief  of  Engineers,  the  Department  of  Defense  (DOD)  has 
been  charged  with  providing  the  required  data  to  the  consultants.  Although 
it  had  been  anticipated  that  only  a minimal  amount  of  effort  would  be 
required  for  data  collection,  it  was  necessary  for  the  consultant  to  secure 
a large  amount  of  data  which  was  not  provided  by  the  Department  of  the 
Army.  In  instances  where  data  was  not  readily  available,  either  through 
the  consultant  or  through  DOD,  these  data  were  not  collected.  However,  it 
is  believed  that  the  data  which  has  been  made  available  and  integrated  into 
the  body  of  the  report  is  sufficient  for  the  purposes  of  this  study  and 
suitable  to  be  used  in  the  evaluation  of  RAAP  as  a site  for  a PE-CNSG. 

2.2.3  Siting  Criteria:  Guidelines  and  Regulations 

2. 2. 3.1  Siting  Philosophy.  The  identification  of  sites  for  locating 
nuclear  power  plants  requires  land  use  planning  that  uses  specific  criteria 
developed  by  NRC,  EPA,  and  where  applicable,  state  and  local  guidelines  and  ' 
regulations.  The  primary  objective  of  a siting  study  is  to  delineate 
candidate  sites  that  are  capable  of  sustaining  a power  plant  of  specified 
generating  capacity  without  imposing  an  unnecessary  stress  or  undue  risks 
upon  the  natural  and  human  environments  while  at  the  same  time  having 
favorable  costs  of  development  and  operation. 

Site  identification  studies  performed  by  electric  utilities  are  gen- 
erally not  as  restrictive  in  terms  of  area.  Utilities  commonly  study 
their  service  area  with  the  only  constraint  being  the  size  (in  MWe  capacity) 
of  the  needed  facility.  It  is  then  the  task  of  a multidisciplinary  team  of 
engineers  and  scientists  to  examine  the  plant/site  interface,  determining 


the  relative  suitability  of  candidate  sites,  and  present  a ranking  of 
suitable  sites  on  the  basis  of  engineering  suitability,  environmental 
sensitivity,  and  overall  cost  effectiveness  of  power  generation. 

The  site  identification  study  for  the  Department  of  Defense  differs 
from  this  conventional  utility  procedure  in  a few  major  aspects: 

(a)  The  study  area  is  restricted  in  its  areal  extent  due  to  the  ec- 
onomic constraints  of  the  steam  distribution  system  and  the  lim- 
ited area  of  the  Radford  Army  Anmunition  Plant.  This  may 
partially  prohibit  the  use  of  topography  and  distance  as  passive 
safeguards. 

(b)  RAAP,  being  a munitions  manufacturing  and  storage  installation, 
presents  a latent  safety  hazard  to  the  proposed  nuclear  reactor. 
Engineering  safeguards  may  be  necessary  to  prevent  missile  im- 
pingement and  also  to  minimize  the  affects  of  the  interaction  of 
the  cooling  tower  plume  with  a postulated  gaseous  cloud  contain- 
ing toxic  substances  generated  from  nearby  manufacturing  facil- 
ities. 

(c)  Because  of  the  close  proximity  of  each  identified  site  to  one 
another,  only  discrete  differences  between  sites  will  be  deter- 
minable. Site  characteristics  such  as  seismology,  water  avail- 
ability, and  population  distribution  will  be  very  similar. 

2. 2. 3. 2 General  Sources  of  Criteria.  The  identification  and  evalua- 
tion of  candidate  sites  for  a small  (313  MWfc)  Pressurized  Water  Reactor  is 
based  on  the  same  criteria  employed  in  site  suitability  studies  performed 
by  public  utilities  for  large  nuclear  power  plants.  Sources  of  these 
criteria  include: 
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(a)  Nuclear  Regulatory  Commission' s (NRC)  Code  of  Federal  Regulations 
(10  CFR) , Parts  50,  51  and  100  (Ref.  2.0-2); 

(b)  NRC  Regulatory  Guides  (especially  "Reg.  Guide"  4.7,  "General  Site 
Suitability  Criteria  for  Nuclear  Power  Stations  (Ref.  2.0-4); 

(c)  NRC  Regulatory  Guide  4.2,  "Preparation  of  Environmental  Reports 
for  Nuclear  Power  Plants  (Ref.  2.0-6); 

(d)  WASH  1361,  "Safety  Related  Site  Parameters  for  Nuclear  Power 
Plants  (Ref.  2.0-5); 

(e)  NRC  Standard  Review  Plans  (which  offer  the  methodology  of  review 
utilized  by  the  NRC  in  evaluating  applications  for  Construction 
Permits  and  Operating  Licenses) ; 

(f)  National  Environmental  Policy  Act  of  1969  (Ref.  2.0-3); 

(g)  Federal  Water  Pollution  Control  Act,  Public  Law  92-500  (Ref. 

2.0-7)  . 

(h)  Endangered  Species  Act  of  1973  Public  Law  93-205  (Ref.  2.0-8). 

Conservatism  in  analysis  and  design  is  characteristic  of  all  multi- 
disciplinary studies  for  the  evaluation  of  candidate  nuclear  power  plant 
sites  compared  to  the  siting  of  less  critical  civil  structures.  In  evalu- 
ating a potential  site,  a high  margin  of  safety  must  be  used  to  ensure 
acceptability  of  the  3ite  under  applicable  regulatory  requirements.  This 
will  also  lessen  the  likelihood  of  costly  delays  in  the  licensing  processes. 
This  higher  margin  of  safety  may  be  achieved  by  using  conservative  assump- 
tions in  site  analysis  and  in  the  consideration  of  extreme  conditions. 

Where  a simple  analysis  reveals  marginally  suitable  site  conditions 
which  may  significantly  impact  design  and  construction  costs  or  where  a 
site  parameter  value  could  preclude  licensing  approval,  further  analysis 
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should  be  performed  to  ascertain  the  practical  range  of  conditions  for 
which  the  facility  way  be  designed  and  constructed  economically  while  still 
being  acceptable  to  the  various  regulatory  agencies.  These  considerations 
include  geology  and  demography,  and  man-made  hazards. 

2. 2. 3. 3 Geology  and  Foundations.  It  must  be  demonstrated  that  a pro- 
posed nuclear  power  plant  is  adequately  designed  to  safely  accomodate 
severe  natural  phenomena.  Among  the  most  restrictive  criteria  used  to 
postulate  such  phenomena  and  consequently  affect  plant  design,  are  geology 
(faulting;  subsidence;  uplift)  and  seismology  (earthquake  induced  ground 
motion;  tsunamis;  seismically  induced  flooding).  Specific  criteria  deri- 
vable from  the  aforementioned  sources  explicitly  state: 

(a)  Sites  that  include  capable  faults  jure  not  suitable  for  a nuclear 
power  station.  A capable  fault  is  defined  as  a fracture  in  the 
earth's  crust  along  which  differential  movement  has  occurred  at 
least  once  in  35,000  years  or  more  than  once  in  500,000  years. 
Capability  may  also  be  determined  by  the  association  of  macro- 
seismicity with  a known  fault  or  by  the  association  of  an  on-site 
fault  with  one  of  known  capability. 

(b)  Sites  within  five  miles  of  a.  capable  fault  jure  generally  not 
suitable  for  locating  a nuclear  power  station. 

(c)  Conservative  design  margins  of  safety-related  structures  will  be 
required  to  allow  for  possible  uncertainty  in  the  geologic  and 
seismic  information.' 

(d)  Sites  underlain  with  good  quality  bedrock  generally  have  suitable 
foundation  conditions.  For  sites  underlain  by  soils,  detailed 
investigations  will  be  required  to  determine  the  static  and 
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dynamic  engineering  properties  of  the  soils.  Subsurface  materials 
with  poor  engineering  characteristics  should  be  excavated  and 
replaced  with  engineering  backfill. 

2. 2. 3. 4 Meteorology.  The  meteorology  and  climatology  of  a potential 
nuclear  site  are  important  engineering  and  public  safety  considerations. 
Extreme  weather  conditions  such  as  hurricanes,  tornadoes,  and  icing  condi- 
tions impact  upon  site  suitability  but  are  not  considered  as  being  critical 
since  their  effects  may  be  mitigated  by  engineering  design.  A more  import- 
ant meteorological  consideration  is  the  dispersion  of  radioactive  emissions 
due  to  accidents  and  dispersion  of  normal  operational  releases  of  gaseous 
effluents.  If  the  dispersion  characteristics  of  a potential  site  are  un- 
acceptable to  the  NRC,  the  exclusion  area  around  the  plant  may  have  to  be 
enlarged  to  satisfy  the  dose  criteria  of  10  CFR  Part  100.  Presently,  the 
NRC  recommends  a minimum  exclusion  distance  of  0.4  mile  even  with  unfavor- 
able design  basis  atmospheric  dispersion  characteristics. 

Another  meteorological  issue  of  concern  is  ambient  air  quality.  For 
most  sites  air  quality  is  unlikely  to  be  a very  important  consideration  un- 
less the  site  is  in  an  area  where  the  existing  air  quality  approaches  or 
exceeds  the  limits  specified  in  the  Clean  Air  Amendments  of  1970.  Or 
where  there  is  a possibility  of  mixing  of  cooling  system  effluents  with 
gases  and  toxic  elements  from  nearby  industrial  facilities. 

2. 2. 3. 5 Hydrology.  Hydrologic  considerations  used  in  determining 
site  suitability  include  flooding  potential,  water  availability,  and  water 
quality.  Flooding  is  a major  concern  in  the  site  evaluation  process  since 
it  may  impair  safe  operation  of  the  plant.  Regulatory  Guide  1.59  "Design 
Basis  Floods  for  Nuclear 'Power  Plants"  (Ref,  2.2-8)  details  the  required 
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analysis  used  in  determining  the  Probable  Maximum  Flood  (PMF)  levels.  For 
many  power  reactors  which  are  now  operating,  the  level  of  the  design  basis 
flood  exceeds  plant  grade.  Some  of  these  plants  have  been  protected  by 
special  plant  design  features  or  by  external  protective  structures  such  as 
levees. 

Regulatory  Guide  1.59  states  that  the  design  basis  flood  should  be 
considered  as  the  worst  case  flood  likely  to  affect  the  site  during  the 
operating  life  of  the  plant.  This  includes  the  PMF  caused  by  the  Probable 
Maximum  Precipitation  (PMP) , wind  generated  waves  during  the  PMF,  multiple 
dam  failures,  and  dam  failures  coupled  with  the  simultaneous  occurrance  of 
the  PMF.  Regulatory  Guide  1.59  outlines  three  methods  of  determining  maxi- 
mum high  water  as  follows: 

1)  Calculation  of  the  precipitation-induced  PMF  coupled  with  40  mile- 
per-hour  wind; 

2)  Single,  or  where  applicable,  multiple  "domino- type"  dam  failures 
with  the  assumption  of  maximum  pool  elevation; 

3)  A combination  of  seismically  induced  dam  failure  and  precipita- 
tion induced  flood  levels.  This  analysis  should  be  performed  for 
two  specific  cases: 

a)  Combination  of  the  25  year  flood  plus  the  Safe  Shutdown 
Earthquake  at  the  dam(s). 

b)  One-half  the  PMF  plus  a recurrence  of  the  highest  Intensity* 
historic  earthquake  (similar  to  the  plant's  Operating  Basis 
Earthquake) . 


‘Modified  Mercali  Intensity  Scale  of  1931. 
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Water  availability  is  a major  concern  in  the  siting  of  both  nuclear 
and  fossil  fueled  electric  generating  plants.  The  essential  water  require- 
ments for  a nuclear  plant  are  that: 

1.  Sufficient  water  be  available  for  normal  plant  operation, 

2.  In  case  of  normal  or  emergency  shutdown  a 30-day  supply  of  cooling 
water  is  available,  to  provide  an  ultimate  heat  sink  for  dilution 
and  diffusion  of  waste  heat,  and 

3.  There  is  adequate  water  available  for  fire  protection. 

Section  316(a)  of  the  Federal  Water  Pollution  Control  Act  (FWPCA; 
PL92-500)  requires  that  closed  cycle  cooling  systems  (cooling  towers) 
should  be  used  for  power  plants  unless  it  can  be  demonstrated  that  a closed 
cycle  system  is  more  stringent  than  necessary  to  "assure  the  protection  and 
propagation  of  a balanced  indigenous  population  of  shellfish,  fi»h,  and 
wildlife."  To  meet  this  requirement,  it  is  necessary  to  perform  a detailed 
analysis  of  stream  flow  characteristics  and  aquatic  ecology  without  any 
guarantee  that  a once  through  system  would  be  acceptable. 

2.2. 3.6  Biota  and  Ecological  Systems.  The  primary  criterion  employed 
in  the  environmental  assessment  of  site  suitability  is  that  the  ecology  of 
the  proposed  site  (and  adjacent  areas)  be  sufficiently  understood  to  pre- 
dict "whether  there  would  be  unacceptable  or  unnecessary  deleterious  im- 
pacts on  populations  of  important  species,  or  on  ecological  systems  with 
which  they  are  associated,  from  the  construction  or  operation  of  a nuclear 
power  station  at  the  site  (Ref.  2.0-4).  Once  the  potential  impacts  of  con- 
struction and  operation  are  known  it  is  necessary  to  perform  a cost  benefit 
analysis  to  determine  if  the  deleterious  impacts  can  be  effectively  and 
economically  mitigated  by  proper  construction  planning  and  remedial  en- 
gineering design. 
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Disregarding  all  but  biological  criteria,  site  selection  is  not  based 
on  where  to  locate  a power  plant,  but  rather  where  not  to  site  one.  This 
rationale  follows  from  the  Principal  of  Ecological  Succession,*  the  orderly 
process  of  community  development  hy  means  of  internal  manipulation  with  the 
result  being  a stabilized  ecosystem.  Thus,  mature  ecosystems  such  as 
hardwoods  are  considered  more  valuable  than  areas  which  have  undergone 
substantial  human  manipulation  (such  as  croplands,  old  fields)  because  of 
the  time  and  energy  investment  by  nature  to  produce  them.  Specific  areas 
to  be  avoided  ares 

(a)  Federal  and  state  protected  lands.  From  biological  and  recrea- 
tional perspectives,  these  areas  are  valuable  because  they  often 
include  pristine  or  unique  habitats. 

(b)  Wetlands.  Saltwater,  freshwater,  and  brackish  marshes  and  wet- 
lands, defined  as  any  land  with  water  regimes  from  seasonal  sub- 
mergence to  year  long  flooding  and  waterlogging,  are  rapidly  dis- 
appearing. Because  of  their  high  biological  productivity  and  use 
as  spawning  and  nursery  grounds,  these  wildlife  habitats  are  con- 
sidered as  undersirable  potential  power  plant  sites. 

(c)  Habitats  or  potential  habitats  of  rare  and  endangered  species. 

(d)  Constricted  migratory  flyways  or  pathways,  spawning  and  breeding 
grounds,  and  harvest  areas  of  commercially  and  recreationally 
valuable  species. 

Consumptive  water  use  and  diffusion  of  waste  heat  into  the  aquatic  en- 
vironment are  major  constraints  in  power  plant  siting.  Present  regulations 
limit  the  extraction  of  water  from  a river  to  10  to  20  percent  of  the  7-day 
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10-year  historical  low  flow  rate.  Remedial  engineering  measures  may  be 
required  to  prevent  entrainment  of,  and  thermal  barriers  to,  aquatic 
species. 

2. 2. 3, 7 Demography,  Land  Use,  and  Economics.  Population  density  is  a 
major  factor  in  defining  unsuitable  potential  sites.  The  I1RC  has  recommend- 
ed that  nuclear  plants  be  located  such  that  the  population  within  5,  10, 

20,  40,  and  50  miles  of  the  plant  not  exceed  a cumulative  population  of 
30,000,  125,000,  500,000,  2,000,000  and  3,100,000  respectively.  These 
numbers  refer  to  the  projected  population,  allowing  for  growth  during  the 
service  life  of  the  plant  and  include  daily  and  seasonal  variations.  The 
effect  of  the  recommendation  is  to  discourage  siting  near  cities  or  in 
areas  of  heavy  population.  Exceeding  these  values  will  require  the  detailed 
analysis  of  alternate  sites  in  order  to  show  that  the  prime  site  is  the 
most  favorable  even  with  its  poor  population  distribution  characteristics. 

Other  demographic  guidelines  considered  for  this  study  include  a 
minimum  exclusion  area  of  0.4  miles  and  a low  population  zone  of  approxi- 
mately 3.0  miles.  The  distance  between  the  reactor  and  population  centers 
of  25,000  or  more  persons  should  be  at  least  one  and  one-third  times  the 
low  population  zone  radius  (Ref.  2.0-2). 

"Exclusion  area  means  that  area  surrounding  the  reactor  in  which  the 
reactor  licensee  has  the  authority-  to  determine  all  activities  including 
exclusion  or  removal  of  personnel  and  property  from  the  area.  This  area 
may  be  traversed  by  a highway,  railroad,  or  waterway,  provided  these  are 
not  So  close  to  the  facility  as  to  interfere  with  normal  operations  of  the 
facility  and  provided  appropriate  and  effective  arrangements  are  made  to 
control  traffic  on  the  highway,  railroad,  or  waterway,  in  case  of  emergency, 
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to  protect  the  public  health  and  safety.  Residence  within  the  exclusion 
area  shall  normally  be  prohibited"  (Ref.  2.0-2). 

"Low  population  zone  means  the  area  immediately  surrounding  the  exclu- 
sion area  which  contains  residents,  the  total  number  and  density  of  which 
are  such  that  there  is  a reasonable  probability  that  appropriate  protective 
measures  could  be  taken  in  their  behalf  in  the  event  of  a serious  accident" 
(Ref.  2.0-2).  Both  the  exclusion  area  radius  and  the  low  population  zone 
radius  are  functions  of  plant  design  to  minimize  effects  of  radioactive 
releases  during  accidents. 

The  NRC  requires  that  the  reallocation  of  lands  to  be  used  for  a po- 
tential site  be  evaluated  and  that  such  a reallocation  be  consistent  with 
land  use  plans  adopted  by  Federal,  State,  and  local  agencies.  Sites  adja- 
cent to  "distinctive"  communities  or  tourist  areas  should  be  evaluated  with 
respect  to  the  operation  of  the  proposed  plant.  These  "distinctive"  areas 
may  include  lands  administered  by  governmental  agencies  for  scenic  or 
recreational  uses.  To  determine  the  acceptability  of  potential  sites  near 
these  special  areas  it  is  necessary  to  consult  with  the  applicable  govern- 
ment agencies. 

The  aesthetic  impact  of  power  plants  and  transmission  facilities  is 
another  item  which  concerns  the  NRC  and  other  regulatory  agencies.  These 
impacts  should  be  determined  for  each  candidate  site  and  remedial  engineer- 
ing methods  proposed  to  minimize  or  mitigate  the  predicted  impacts.  Typical 
remedial  methods  include  relocating  the  plant  to  take  advantage  of  exist- 
ing topography,  restoration  of  natural  vegetation,  creative  landscaping, 
and  the  use  of  architectural  colors  compatible  with  the  natural  environment. 
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The  social  and  economic  issues  relevant  to  power  plant  siting  and  the 
evaluation  of  potential  sites  are  probably  the  most  difficult  of  all  issues 
to  quantify.  The  siting,  construction,  and  operation  of  an  electric  gener- 
ating station  may  have  significant  impacts  (both  positive  and  negative)  on 
a well-balanced  community  and  may  disrupt  the  local  work  force,  transporta- 
tion facilities,  and  community  services  in  general.  Commonly  these  impacts 
vary  in  their  timing;  construction  activities  may  turn  a stable  community 
into  a boom  town  for  a short  period  of  time,  then  when  construction  halts, 
the  boom  ends  and  the  community  may  become  economically  depressed  unless 
proper  measures  are  instituted  early  in  the  planning  stage. 

The  economic  and  social  acceptability  of  a potential  power  plant  site 
should  be  jointly  investigated  by  the  owning  utility  along  with  local 
governmental  agencies  and  interest  groups.  An  attempt  should  be  made  to 
project  both  the  long  and  short  term  impacts  and  plans  should  be  developed 
to  minimize  the  adverse  impacts. 

2.2.3.S  Safety-Related  Siting  Considerations.  The  siting  of  nuclear 
power  plants  adjacent  to  or  near  industrial,  military,  and  transportation 
facilities  should  be  avoided  since  the  probability  of  an  accident  is  much 
greater  in  these  areas  than  for  areas  which  are  primarily  agricultural  or 
non-industrial.  I t must  be  demonstrated  for  sites  located  in  potentially 
hazardous  areas,  that,  in  the  event  of  a major  accident,  the  plant  can  be 
shutdown  quickly  and  efficiently  or,  that  the  nearby  industrial  facilities 
can  be  altered  so  that  their  mode  of  operation  will  not  significantly  in- 
crease the  probability  of  potential  accidents. 


Types  of  accidents  and  their  associated  concerns  are  explosions  and 
their  associated  shock  waves,  flammable  vapor  clouds,  toxic  gases  and  chem- 
icals, and  aircraft  or  missile  impingement.  With  respect  to  the  latter, 
airports  pose  special  hazards  to  nuclear  power  plants  because  of  the  fre- 
quency of  aircraft  movements  in  the  near  vicinity  of  the  plant.  Remedial 
engineering  may  be  necessary  if  an  analysis  of  air  transportation  at  the 
site  shows  an  accident  probability  greater  than  the  limits  set  by  the 
Nuclear  Regulatory  Commission.  The  necessary  engineering  safeguards  usual- 
ly consist  of  hardening  (concrete  and  steel  reinforcing)  and  fire  protec- 
tion for  those  structures  critical  to  the  safe  operation  and  oderly  shut- 
down of  the  plant. 

The  analysis  for  accidents  resulting  from  the  transportation  of  hazard- 
ous materials  in  the  vicinity  of  the  proposed  site  requires  that  data  be 
collected  concerning  type  of  hazardous  material,  amount  being  transported, 

and  frequency  of  movements.  Should  the  analyses  show  accident  probabilities 

-7  , 

greater  than  about  10  , it  would  be  necessary  to  perform  a more  detailed 

analysis  to  determine  the  consequences  of  such  events  and  to  provide  en- 
gineering safeguards  to  mitigate  the  effects  of  a postulated  accident. 

2. 2. 3. 9 Virginia  Water  Quality  Guidelines.  As  required  by  Amendments 

i 

to  the  Federal  Water  Pollution  Control  Act,  enacted  in  October  1972,  the 
State  of  Virginia  submitted  it 3 standards  for  inter-  and  intrastate  waters 
to  the  Administrator  of  the  Environmental  Protection  Agency.  Following  some 
amendments  to  Virginia's  standards,  the  regulations  were  approved  by  the 
Administrator  (Ref.  2.0-10). 
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The  Virginia  State  Water  Control  Board  has  had  organized  water  quality 
standards  for  state-wide  application  and  by  river  basin.  These  standards 
are  summarized  as  follows: 

(a)  State  waters  shall  be  maintained  so  as  to  permit  beneficial  uses 
and  foster  the  propagation  of  all  aquatic  life. 

(b)  State  waters  shall’ be  free  from  waste  substances  (including  heat) 
in  concentrations  which  contravene  standards  or  interfere  with 
beneficial  uses. 

(c)  Zones  for  mixing  wastes  with  receiving  waters  shall  be  determined 
on  a case  by  case  basis  and  shall  not  substitute  for  waste  treat- 
ment. Suitable  passageways  shall  be  provided  for  fish  and  aqautic 
organisms.  Such  passageways  should  contain  preferably  75  percent 
of  the  crcssrsccticnal  area  and/or  volume  of  flow  or  the  receiving 
waters . 

(d)  Stream  standards  will  apply  wherever  flows  are  equal  to,  or  great- 
er than,  the  minimum  mean  7-consecutive  day  drought  flow  with  a 
10-year  return  frequency. 

(e)  In  lakes  and  reservoirs  the  temperature  of  the  epilimnion,  in 
those  areas  where  important  organisms  are  most  likely  to  be 
affected,  shall  not  be  raised  more  than  3°F,  above  that  which 
existed  before  the  addition  of  heat  of  artificial  origin. 

(f)  For  discharges  to  sources  of  public  or  municipal  water  supplies, 
the  standards  presented  in  Table  2.2-1  will  apply  at  the  raw 
water  intake  point. 

(g)  Waters  whose  existing  quality  is  better  than  the  established 
standards  will  be  maintained  at  high  quality  unless  it  has  been 


TABLE  2.2-1:  RULES  WITH  SPECIFIC  APPLICATION  BASED  ON  CLIMATE,  GEOGRAPHIC  AREA,  OR  USES 
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Quality  Standards,  Virginia  State  Water  Control  Board,  November  1974. 


TABLE  2.2-1  (Continued) 


Constituent 


Physical: 


Color  (color  units) 

Inorganic  Chemicals 

Alkalinity 

Arsenic 

Barium 

Boron 

Cadmium 

Chloride 

Chromium,  hexavalent 

Copper 

Fluoride 

Iron  (filterable) 

Lead 

Manganese  (filteranie) 

Nitrates  plus  nitrites 

Selenium 

Silver 

Sulfate 

Total  dissolved  solids 
(filterable  residue) 

Uranyl  ion 

Organic  Chemicals 

Carbon  Chloroform  (CCE) 

Cyanide 

Methylene  blue  active  substances 
Pesticides: 

Aldrin 

Chlordane 

DDT 

Dieldrin 

Endrin 

Heptachlor 

Heptachior  epoxide 

Lindane 

Methoxychlor 

Organic  phosphates  plus  Carbamates 
Toxaphene 
Herbicides: 

2,  4-D  plus  2,4,5-T  plus  2,4,5-TP 
Phenols 

Radioactivity: 

Gross  beta 
Radium-226 
Strontium-90 
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Concentration 


75 

... 

30-500 

0.05 

1.0 

1.0 

0.01 

250 

0.05 

1.0 

1.7 

0.3 

0.05 

0.05 

10  (as  N) 

A AT 

■ v/  x 

0.05 

250 

500 

5 

0.15 

0.20 

0.5 

0.017 

0.003 

0.042 

0.017 

0.001- 

0.018 

0.018 

0.056 

0.035 

0.1 

0.005 

0.1 

0.001 

PC/1  . 


1,000 

3 

10 


affirmatively  demonstrated  that  a change  is  justifiable  to  pro- 
vide necessary  economic  or  social  development. 

(h)  Based  on  climate,  geographical  location,  or  type  (tidal,  free- 
flowing,  etc.),  all  waters  will  be  assigned  a major  class  I-VI 
and  a subclass  A or  B,  to  indicate  the  appropriate  coliform 
standard.  Waters  used  for  primary  contact  recreation  will  be 
assigned  subclass  B.  All  other  waters  will  be  assigned  subclass 
A and  will  be  suitable  for  secondary  contact  recreation  and  for 
use  as  a public  water  supply. 

(i)  All  waters  within  Virginia  will  be  satisfactory  for  fishing  and 
secondary  contact  recreation. 

The  New  River  and  most  of  its  tributaries  from  the  Montgomery-Giles 
County  line  upstream  to  the  Virginia-North  Carolina  State  line  is  classified 
by  the  Virginia  State  Water  Control  Board  as  being  in  the  Mountainous  Zone. 
The  river  is  generally  satisfactory  for  use  as  a public  or  municipal  water 
supply,  secondary  contact  recreation,  propagation  of  fish  and  aquatic  life, 
and  other  beneficial  uses. 

Standards  for  fecal  coliforms  (multiple-tube  fermentation  or  MF  count) 
are  not  to  exceed  a log  mean  of  1000/100  ml.  and  not  to  equal  or  exceed 
2000/100  ml.  in.  more  than  10%  of  samples  .(Ref.  2.0-10). 

2.2.4  METHODOLOGY  OF  PRIME  SITE  IDENTIFICATION 

2. 2. 4.1  Preliminary  Overview  of  the  Study  Area.  At  the  initiation  of 
the  project  a preliminary  overview  of  the  study  area  was  performed  in  order 
to  identify  the  major  issues  of  concern  that  would  affect  licensing,  site 
development,  and  environmental  and  design  costs.  Once  these  issues  were 
identified  and  the  overall  suitability  of  the  study  area  established,  it 
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was  then  possible  to  develop  a work  plan  designed  to  emphasize  the  study  of 
the  most  important  issues.  In  this  manner  it  was  possible  to  avoid  the  ex- 
penditure of  a large  amount  of  time  for  the  study  of  non-critical  issues 
which  would  have  little  impact  on  the  licensability  and  overall  suitability 
of  the  candidate  sites. 

2. 2. 4. 2 Data  Analysis  and  Rating  System.  Data  analysis  for  the  site 
identification  process  consisted  of  a weighted  rating  scheme.  Site  charac- 
teristics were  determined  with  respect  to  the  design  parameters  of  the  pro- 
posed reactor/  and  the  degree  of  compatibility  measured  at  the  plant/site 
interface  was  evaluated  in  terms  of  applicable  nuclear  power  plant  siting 
criteria.  Although  it  was  believed  that  such  an  analysis  would  be  objective 
and  highly  reproducible,  some  degree  of  subjectivity  would  be  necessary  in 
order  to  avoid  creating  too  rigid  an  analysis  scheme.  By  structuring  the 
analysis  in  a logical  and  systematic  manner,  and  evaluating  the  site 
characteristics  individually,  it  was  possible  to  minimize  judgemental  errors 
by  using  a five-level  subjective  rating  scale.  This  method  prevented 
cumulative  judgemental  errors  since  each  variable  was  rated  by  an  exper- 
ienced engineer  cr  scientist  knowledgeable  in  his  particular  discipline  and 
in  the  aspects  of  selecting  and'  evaluating  potential  nuclear  power  plant 
sites.  The  subjective  rating  scale  used  for  this  analysis  is  as  follows: 
Rating  = 0 the  site  characteristic  is  restrictive  and  cannot  be 
mitigated  by  reasonable  engineering  methods; 

Rating  = 1 the  site  characteristic  is  poor,  there  are  many  problems, 
some  of  which  cannot  be  remedied  by  engineering  alterna- 


tives; 


Rating  = 2 the  site  characteristic  is  poor  to  average;  condi- 
tions may  be  mitigated  but  only  at  moderate  to  high 
expense; 

Rating  = 3 The  site  characteristic  is  average  and  remedial 
methods  are  simple  but  moderately  costly; 

Rating  = 4 the  site  characteristic  is  moderate  to  good  with 
only  remedial  engineering  required;  and 
Rating  = 5 the  site  characteristic  is  good  and  no  remedial 
action  necessary. 

The  restrictive  rating  of  zero  (0)  is  only  used  where  there  are  legal 
restrictions  placed  on  the  site  (coastal  zones,  wetlands,  state  parks,  etc.) 
or  where  there  are  no  acceptable  engineering  solutions  (surface  rupture  of 
faults,  extremely  poor  foundation  conditions,  etc.).  In  the  case  of  en- 
gineering and  safety  criteria,  there  are  very  few  site  conditions  which 
would  restrict  the  use  of  a particular  location  for  a nuclear  power  plant. 
However,  in  many  cases  the  costs  of  remedial  engineering,  and  potential 
licensing  difficulties  may  preclude  the  use  of  certain  sites. 

2. 2. 4. 3 Weighted  Issues.  Because  the  selection  of  sites  for  nuclear 
power  stations  involves  a number  of  complex  issues  that  may  vary  in  their 
relative  importance,  it  was  necessary  to  devise  a systematic  weighting 
scheme  to  consider  each  issue  in  a proper  perspective.  The  use  of  such 
weighting  schemes  becomes  more  effective  as  the  physical  and  environmental 
diversity  of  the  study  area  decreases,  thus  making  possible  more  discrete 

comparisons  of  sites.  This  was  particularly  true  of  the  Radford  AAP  where 

2 

the  study  area  consisted  of  only  4154  acres  (6.5  mi  ) and  was  relatively 
homogeneous  in  its  physical  and  environmental  characteristics. 
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The  first  step  in  the  weighting  process  was  to  separate  the  engineering 
consideratons  from  the  environmental  issues.  In  essence,  this  distinguishes 
the  more  objective  and  economic  concerns  from  the  subjective,  imprecise 
non-economic  issues.  The  individual  disciplines  in  each  of  the  main  groups 
were  then  weighted  by  a technique  in  which  each  participant  made  a subjec- 
tive judgment  concerning  the  relative  weight  of  each  d'  scipline  or  issue. 

2.2.5  Review  of  Three  Candidate  Sites.  This  section  presents  a brief 
discussion  of  each  of  the  issues  studied,  gives  a weighted  value  to  each 
issue,  and  presents  site  ratings  for  each  of  the  three  candidate  sites.  In 
some  instances  an  issue  is  discussed  but  no  ratings  are  given,  or  the  sites 
are  rated  equally  because  the  issue  or  physical  characteristics  through 
which  the  issue  is  interpreted  affects  all  three  sites  in  the  same  manner. 

It  must  be  noted  that  the  weighting  scheme  used  for  sites  at  RAAP  were 
developed  for  this  plant.  Army  manufacturing  facilities  in  other  areas  of 
the  United  States  that  might  be  considered  as  possible  locations  for  a 
nuclear  steam  generator  should  be  addressed  on  a case-by-case  basis. 

Figure  2-3  shows  the  sites  that  were  considered: 

Site  1 Located  approximately  1.6  miles  northeast  of  building  400 
towards  the  eastern  margin  of  the  magazine  area.  The  site 
is  inside  the  horseshoe  bend  on  the  New  River.  RAAP 

reference  coordinates:  N49+00;  E42+00  (approximate). 

Site  2 Located  approximately  0.8  miles  southwest  of  building  400 

on  fire  trail.  RAAP  reference  coordinates:  S36+00;  W52+00 

(approximate) . 
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Site  3 Located  approximately  1.4  miles  nearly  due  east  of  building 
400  adjacent  to  Stroubles  Creek.  Radford  AAP  reference 
coordinates:  N2+00;  E50+00  (approximate). 

2. 2. 5.1  Seismology.  A preliminary  review  of  the  study  area  revealed 
that  historical  seismicity  could  be  a major  limiting  factor  in  the  selection 
of  RAAP  as  a site.  Once  the  feasibility  of  siting  at  RAAP  had  been  ascer- 
tained, seismicity  was  no  longer  considered  a decisive  issue  for  site 
identification  since  the  attenuation  of  seismic  waves  from  the  operating 
basis  earthquake  epicenter  would  be  similar  for  all  three  sites.  The  design 
value  for  the  Safe  Shutdown  Earthquake*  (an  Intensity  VIII  located  at  the 
site)  would  be  primarily  determined  by  the  nature  of  subsurface  conditions  - 
whether  the  plant  is  underlain  by  rock  or  soils.  Thus  the  issue  of  seismic 
design  would  be  based  on  foundation  conditions  and  is  appropriately  dis- 
cussed in  the  section  concerning  Foundation  Engineering. 

2. 2. 5. 2 Foundation  Engineering.  Foundation  stability  under  the  action 
of  static  and  dynamic  loads  is  of  primary  importance  in  the  design  and  li- 
censing of  safety  related  structures  for  nuclear  power  plants.  Four  major 
considerations  include  bearing  capacity,  compressibility,  potential  for 
liquefaction,  and  response  to,  or  modification  of,  seismic  waves.  Other 
considerations'  are  the  size  and  depth  of  excavation  required  and  whether 

or  not  it  may  be  necessary  to  replace  excavated  materials  with  engineered 
backfill. 


* For  definitions  of  the  safe  shutdown  and  operating  basis  earthquakes 
see  10CFR100,  Appendix  A. 
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(a)  Site-1 


Three  borings  were  drilled  at  Site  #1  each  laid  out  on  the  apexes  of 
a seventy-five  foot  equilateral  triangle.  Rock  (limestone  and  dolomite) 
was  encountered  at  34  ft. , 35  ft. , and  44  ft.  A generalized  soil  profile 
description  is  as  follows: 


Depth 

0 to  0.5  ft: 
0.5to  5 ft: 


5 to  12  ft: 


Description 
Brown  topsoil. 

Silt  and  clay,  micaceous;  trace  of  very  fine  to 
fine  sand,  yellow-brown,  low  plasticity,  moist 
(ML-CL) .* 

Silt,  micaceous;  little  very  fine  sand,  trace  of 
clay,  yellow-brown,  slight  plasticity,  moist 
(ML). 


12  to  24  ft: 


24  to  24.5  ft: 
24.5  to  34  ft: 


34  to  36.5  ft: 


36.5  to  39.0  ft: 


Sand,  fine  to  medium  with  coarse  material,  little 
silt  and  pea-sized  gravel,  yellow  to  reddish- 
brown,  not  plastic,  very  moist  (SM) . 

Gravel  (GP): 

Gravel  and  sand-sized  limestone  fragments,  little 
silt  and  clay,  grey  to  greenish  grey,  slightly 
plastic  (GM-GC,  saprolite). 

Top  of  rock;  dolomite,  blue-grey,  fragmental,  hard, 
dense,  slightly  weathered.  100%  recovery;  very 
poor  RQD  (Rock  Quality  Designation) . 

Interbed  of  tan,  very  fine  grained  limestone  with 
near  vertical  bedding. 


* Unified  Soil  Classification  System. 
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partially  fragmental  with  no  pronounced  bedding, 


soft  to  moderately  hard,  moderately  weathered 
0 to  100%  recovery;  RQD  very  poor  to  fair. 

65.8  to  96.0  ft:  Dolomite.-  Limestone,  green  to  blue-grey,  frag- 

mental, moderately  hard,  dense,  slightly  weathered. 

0 to  100%  recovery;  RQD  poor. 

96.0  to  111.0  ft:  Limestone  breccia,  blue-grey  to  dark  grey, 

partially  fragmental  w/no  pronounced  bedding, 
soft  to  moderately  hard,  dense,  moderately 
weathered.  27  to  46%  recovery;  RQD  poor. 

111.0  to  129.3  ft:  Limestone-Dolomite,  green-grey  to  light  grey, 

fragmental  and  platy,  dense  closely  spaced  frac- 
tures, weathered.  62  to  90%  recovery,  RQD  fair 
to  poor. 

129.3  to  150.0  ft:  Limestone  breccia,  blue-grey  to  dark  grey,  no 

pronounced  bedding,  soft  to  moderately  hard, 
closely  spaced  fractures,  moderately  to  highly 
weathered.  53  to  93%  recovery;  RQD  fair  to  good, 
bottom  of  hole. 

Foundation  conditions  at  site  one  (1),  based  on  the  borings  performed 
by  the  Corps  of  Engineers,  can  be  considered  very  poor  with  respect  to 
siting  a nuclear  reactor.  It  is  probable  that  an  excavation  to  a depth  of 
up  to  fifty  feet  would  be  required  and  that  the  excavation  material  would 
have  to  be  replaced  with  engineered  backfill.  Also,  based  on  poor  recover- 
ies and  very  poor  RQD 1 s , it  is  possible,  and  more  likely  provable,  that  the 
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carbonate  rocks  underlying  the  site  are  solutioned.  Aerial  photographs 
indicate  the  presence  of  sinkholes  and  cavities  at  site  one  (1) . An  exten- 
sive geotechnical  investigation  would  be  required  to  ascertain  the  extent 


of  these  conditions  and  it  would  probably  be  necessary  to  grout  the  under- 
ground openings  if  present.  Furthermore,  the  fact  that  the  reactor  would 
have  to  be  founded  on  deep  soils  could  increase  the  acceleration  values 
for  the  Safe  Shutdown  and  Operating  Basis  Earthquake  design  values. 

(b)  Site-2 

Three  borings  were  performed  at  Site  two  (2)  laid  out  in  a similar 
manner  to  those  at  Site  one  (1) . Rock  (limestone)  was  encountered  at  2 ft. , 
3 ft.,  and  6 ft.  A generalized  soil  profile  description  is  as  follows: 


Depth 


Description 


0 to  60  ft: 


Silt,  trace  to  little  clay,  yellow  to  red-brown 


with  rock  structure  prominent  (ML) . 

6.0  to  20.8  ft:  Limestone,  light  blue-grey,  tan  mottled,  appears 

massive  but  thin  to  very  thin  bedded,  beds  dip 
20°  to  25°,  shaly  interbeds  throughout,  hard, 
dense,  fractures  along  bedding,  calcite  stringers. 
Clay  scam  8.8  to  9.2  ft.  75  to  100%  recovery; 

RQD  good . 

20.8  to  37.4  ft:  Limestone  becoming  crystalline,  crystalline  in 

zones.  100%  recovery;  RQD  good. 

37-'!  to  45.8  ft:  Limestone  becoming  dark  grey,  small  calcite 

inclusions  and  stringers.  1C0%  recovery,  RQD 
good. 


48.5  to  51.7  fts 


Blue-grey  limestone,  stringers  grading  out; 
fractures  more  closely  spaced.  100%  recovery; 
RQD  good. 


61.7  to  71.7  ft:  Same  limestone;  rock  light  grey  to  tan  at  67.2  ft. 

100%  recovery;  RQD  fair  to  good. 

71.7  to  81.7  ft;  Same  limestone;  100%  recovery;  RQD  fair  to  good. 

81.7  to  91.7  ft;  Same  limestone,  12"  fragmental  silty  zone  at  82.3 

ft.,  14"  zone  of  very  closely  spaced  fractures 
at  83.5  ft.,  5"  RQD  drop  at  86.9  ft.,  3"  clay 
seam  at  87.9  ft.  85%  recovery;  RQD  good. 

91.7  to  101.7  ft;  Same  limestone,  7"  fragmental  zone  at  93.2  ft., 

probable  clay  seam.  91%  recovery;  RQD  fair  to 
good. 

101.7  to  111.5  ft;  Same  limestone;  18"  mottled  zone  at  105  ft.  100% 

recovery;  RQD  good. 

111.5  to  121.3  ft;  Same  limestone  with  some  very  thin  green  shaly 

zones  and  calcite  stringers.  100%  recovery;  RQD 
good. 

121.3  to  127.3  ft;  Same  limestone;  3 ft.  fragmental  zone  at  124.6 

’ ft.  96%  recovery;  RQD  poor  to  fair. 

127.3  to  128.5  ft;  Dark  grey  limestone  with  vertical  joint,  clay 

staining.  100%  recovery;  RQD  poor. 

128.5  to  138.3  ft;  Same  limestone,  slightly  weathered  with  scattered 

fractures  dipping  at  20°  100%  recovery,  RQD  good 

o 

138.3  to  146.7  ft:  Sams  limestone;  beds  dipping  more  steeply  (35  - 

40°),  70°  fracture  at  146.0  ft.  1C0%  recovery; 
RQD  fair  to  good. 
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146.7  to  150.0  ft:  Same  limestone;  frabmental  from  148.2  - 148.7  ft. 

65%  recovery;  RQD  fair.  Bottom  of  hole  at  150  ft. 

Although  the  boring  data  supplied  by  the  Corps  of  Engineers  for  Site 
two  (2)  seem  to  indicate  favorable  foundation  conditions.,  it  should  be 
noted  that  the  ridge  on  which  the  site  is  located  is  flanked  by  two  very 
large  sinkholes.  Air  photographs  taken  prior  to  the  construction  of  RAAP 
facilities  (1937)  show  the  site  area  is  underlain  by  carbonate  rocks  north 
and  south  of  the  New  River  which  have  been  extensively  solutioned.  Corre- 
lation of  water  table  levels  with  percent  recovery  and  estimated  RQD  indi- 
cate, at  least  coarsely,  that  solution  activity  is  presently  taking  place 
at  the  site.  At  Site  one  (1),  extensive  boring  investigations  may  be 
required  to  determine  the  nature  and  extent  of  any  underground  openings 
associated  with  these  sinkholes.  The  shallow  depth  of  what  appears  to  be 
sound  rock  at  Site  two  (2)  will  permit  the  reactor  to  be  founded  on  bedrock 
and  thus  lower  the  Safe  Shutdown  and  Operating  Basis  Earthquake  design 
values  as  compared  to  Site  one  (1) . 

(c)  Site-3 

The  three  borings  drilled  at  Site  three  (3)  were  laid  out  in  a similar 
manner  to  those  at  Sites  one  and  two.  Rock-  (shale  with  arenaceous  and 
calcareous  zones)  was  encountered  at  approximately  20  ft.  in  each  boring. 

A generalized  subsurface  profile  is  described  as  follows: 

Depth  Description 

0 to  20  ft:  Silt,  trace  of  clay  and  fine  gravel-sized  shale 

fragments;  red,  brown  and-  tan  mottled,  dry  to  moist  and 
retaining  rock  structure  on  weathering  (ML) . 
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20  to  27  ft; 


27  to  32.5  ft: 
32.5  to  39  ft; 

39  to  45  ft: 

'.5  to  53.7  ft: 
53.7  to  61.6  ft: 


61.6  to  72  ft: 


72  to  82  ft: 


82  to  90  ft: 


90  to  97.5  ft: 


97.5  to  100  ft: 


Shale/  reddish-brown  and  greenish-grey,  mottled, 
thin  bedded  to  medium  bedded,  partially  fragmental, 
moderately  hard,  dense  to  very  fine  grained,  fractures 
dipping  25-35°  70%  recovery,  RQD  good. 

Same  shale,  81%  recovery;  RQD  good. 

Same  shale;  near  vertical  joint  from  35.0  to  37.4 
ft.,  partially  fragmental,  100%  recovery;  RQD  good. 

Same  shale,  small  calcareous  inclusions  in  core; 

100%  recovery;  RQD  fair. 

Same  shale;  100%  recovery;  RQD  good. 

Same  red  shale,  grading  sandy,  very  fine  to  fine 
qrained,  i00%  recovery;  RQD  good,  bottom  of  hole  at  100 
ft. 

Same  shale,  very  closely  spaced  fractures  approxi- 
mately 3"  long,  100%  recovery;  RQD  good. 

Same  shale,  blue-grey  from  72.3  to  74.3  ft.  with 
calcareous  inclusions;  100%  recovery;  RQD  excellent. 
Same  shale,  closely  spaced  fractures,  partially 
fragmental;  100%  recovery;  RQD  good. 

Limy  breccia,  blue-grey,  moderately  hard,  dense 
to  very  f .ie  grained,  close  spaced  fractures  dipping 
30°-40°,  slightly  weathered,  vuggy;  100%  recovery;  RQD 
good. 

Red  mottled  shale,  100%  recovery;  RQD  good. 


Boring  and  geologic  information  at  Site  three  (3)  indicate  that  this 
site  probably  has  the  most  suitable  foundation  conditions  of  all  sites 
studied.  There  are  no  problems  with  solutioning  or  sinkholes  and  the  depth 
of  overburden  may  be  most  suited  to  the  design  of  the  proposed  reactor. 

Site  Ratings 

Site  1-2 
Site  2-3 
Site  3-4 

2. 2. 5. 3 Geology.  Geologic  considerations  for  nuclear  power  plants 
generally  deal  with  faulting  and  subsurface  conditions.  In  the  Valley  and 
Ridge  Geologic  Province,  where  RAAP  is  located,  faults  are  numerous  but 
generally  considered  not  capable  of  localizing  seismic  events  or  surface 
rupture.  However,  when  faults  are  found  in  or  near  excavations  for  nuclear 
power  plants,  it  is  necessary  to  investigate  their  nature  and  activity 
status  by  performing  detailed  geologic  investigations. 

Sites  one  (1)  and  two  (2)  are  underlain  by  a Paleozoic  low  angle  re- 
verse fault  which  over-rides  younger  geologic  formations.  Although  the  age 
of  last  movement  of  this  fault  is  generally  believed  to  be  Late  Paleozoic 
or  Early  Mesozoic,  it  will  remain  the  responsibility  of  the  Corps  of  En-  ■ 
gineers  to  demonstrate  the  fault's  activity  status.  Site  three  (3)  is  lo- 
cated within  the  Price  Mountain  window;  an  ellipsoidal  erosional  feature  in 
an  overthrust  sheet  whereby  the  rocks  beneath  the  overthrust  are  exposed. 

As  previously  noted,  karst  features,  such  as  sinkholes,  pinnacles, 
caverns,  and  solution  channels,  are  common  in  those  areas  underlain  by 
carbonate  rocks.  These  conditions  not  only  cause  engineering  problems, 
but  also  may  cause  costly  licensing  and  construction  delays.  Sites  one 


and  two  are  underlain  by  carbonates  and  thus  these  problems  can  be  expected 
to  occur  at  these  locations. 

Site  Ratings 

Site  1-3 
Site  2-3 
Site  3-4 

2. 2. 5. 4 Hydrology.  Hydrologic  considerations  used  in  determining 
nuclear  plant  site  suitability  include  flooding  potential,  water  availa- 
bility, and  water  quality.  Flooding,  especially  the  Probable  Maximum  Flood 
(PMF) , is  one  of  the  primary  concerns  in  the  site  evaluation  process  since 
it  may  present  a serious  safety  hazard.  In  terms  of  water  availability  for 
cooling,  and  considering  mechanical  draft  cooling  towers  will  probably  be 
used,  all  three  sites  are  equally  suitable  and  should  have  similar  ratings. 
The  quality  of  available  water  for  each  of  the  three  sites  should  not  vary 
significantly,  especially  once  the  modernization  and  pollution  abatement 
programs  are  completed  at  RAAP. 

Using  Virginia  State  Route  114  (where  it  crosses  the  New  River)  as  a 
reference  point  for  the  estimation  of  the  PMF  of  +1752  MSI,  (Ref  2,0-13) , 
Site  one  (1)  is  approximately  10  feet  above  the  PMF,  Site  two  (2)  approxi- 
mately 320  feet  above  the  flood  level,  and  Site  three  (3)  approximately 
130  feet  above  the  PMF  level.  There  is  available  area  to  move  site  one 
(1)  further  uphill  thus  minimizing  the  effects  of  a postulated  PMF. 

Stroubles  Creek,  adjacent  to  site  three  (3),  would  also  be  subjected 
to  flooding- during  the  PMF.  Assuming  a PMF  flood  level  of  +1010  MSI,  on 
Stroubles  Creek,  a plant  located  at  present  grade  at  site  three  (3)  would 
be  approximately  70  feet  above  this  level. 
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Although  sites  two  and  three  are  well  above  the  Probable  Maximum  Flood 
on  the  New  River  as  determined  by  the  Department  of  the  Army,  the  rating 
for  site  three  (3)  is  slightly  downgraded  since  flooding  along  Stroubles 
Creek  may  affect  the  steam  distribution  network,  transmission  systems,  and 
intake  and  discharge  structures. 

Site  Ratings : 

Site  1-3 
Site  2-5 
Site  3-4 

2. 2. 5. 5 Hazardous  Land  Use.  Because  RAAP  manufactures  propellants 
and  explosives,  it  quite  naturally  represents  a potentially  hostile  environ- 
ment in  which  to  locate  a nuclear  power  plant.  Generally,  the  best  source 
of  protection  against  such  hazards  is  to  locate  the  plant  as  far  as  possi- 
ble from  the  source  materials.  The  three  candidate  sites  have  been  evalu- 
ated based  solely  on  distance  and  intervening  topography  from  hazardous 
areas.  Information  concerning  the  types  and  amounts  of  hazardous  materials 
produced,  stored,  or  transported  in  the  vicinity  of  RAAP  is  only  prelimin- 
ary and,  as  such,  the  site  ratings  should  be  considered  only  tentative. 

Sites  one  (1)  and  two  (2)  are  penalized  because  they  are  located  in 
areas  which  wouid  pose  a constant  hazard  to  a reactor  due  to  the  manufac- 
ture, storage  or  transportation  of  munitions.  Site  three  (3)  may  be  sub- 
jected to  these  hazards  only  occasionally  and  consequently  will  have  a low 
probability  of  accidents  due  to  hazardous  land  uses.  Although  site  three 
is  immediately  adjacent  to  Virginia  State  Route  659,  and  the  Norfolk  and 
Western  Railroad  lies  approximately  1200  feet  east  of  the  site,  the  physi- 
cal geometry  of  the  site  area  should  help  to  mitigate  the  effects  of  an 
explosion  that  could  take  place  along  either  transportation  route. 
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Site  Ratings; 

Site  1-2 
Site  2-2 
Site  3-3 

2. 2. 5. 6 Construction  Access.  The  issue  of  construction  access  is 
concerned  with  the  initial  difficulty  of  transporting  construction  equip- 
ment and  plant  components  to  a selected  site.  For  the  purpose  of  simpli- 
city, a fixed  cost  is  assumed  for  the  transportation  of  equipment  and  ma- 
terial to  RAAP  and  then  the  three  candidate  sites  are  then  rated  as  to 
their  relative  cost  differences;  i.e.  construct  new  roads  (and  possibly 
rail  facilities)  and  in  what  type  of  terrain  etc. 

All  three  candidate  locations  are  near  rail  facilities  and  sites  one 
(1)  and  three  (3)  have  roads  nearby.  However,  sites  two  (2)  and  three  (3) 
are  located  in  rough  terrain  which  would  probably  preclude  the  use  of 
existing  facilities.  Site  one  (1)  has  limited  access  via  the  Norfolk  and 
Western  Railroad,  Virginia  Route  623,  and  the  New  River  bridge  which 
connects  the  main  manufacturing  area  with  the  horseshoe  storage  area. 

Site  Ratings 

Site  1-4 
Site  2 r 3 
Site  3-3 

2. 2.5.7  Plant  Layout.  The  plant  layout  issue  is  primarily  concerned 
with  the  amount  of  land  available  at  each  candidate  site  for  locating  the 
proposed  facility.  A hypothetical  plant  layout  consists  of  approximately 
11  acres  for  the  plant  site  proper.  Another  20  acres  will  be  required  for 
construction  facilities  and  a storage/laydown  area.  Site  three  (3),  having 


the  greatest  local  relief,  will  be  the  least  suitable  of  the  three  candi- 
date locations.  Conversely,  site  one  (1)  offers  the  most  suitable  layout 
conditions. 

Site  Ratings 

Site  1-5 
Site  2-3 
Site  3-2 

2. 2. 5. 8 Cooling  Water.  The  distance  to  the  supply  of  cooling  water 
and  to  the  ultimate  heat  sink  cure  important  site  parameters  which  affect 
operating  costs  and  plant  efficiency.  This  issue  has  been  evaluated  based 
on  a consideration  of  not  only  the  distance  over  which  water  must  be  pumped, 
but  also  the  elevations  to  which  the  water  must  be  pumped  above  the  New 
River. 

Considering  only  the  economics  of  cooling  systems,  once-through  and 
mechanical  wet  towers  may  be  used  at  RAAP.  An  analysis  of  these  two  systems 
in  use  at  site  three  (3)*  showed  the  wet  mechanical  system  to  be  more  eco- 
nomical than  once-through  cooling.  Site  two,  which  is  located  at  a higher 
elevation  above  the  New  River  than  site  three,  should  also  be  well  suited 
to  mechanical  towers.  Site  one,  approximately  90  feet  above  the  New  River 
would  probably' be  suited  to  a once-through  condenser  cooling  system.  Total 
plant  requirements  are  approximately  2200  GPM  (5  CFS)  using  mechanical  wet 
towers.  Once  through  requirements  for  any  site  at  RAAP  would  be  approxi- 
mately 100-125  CFS,  just  exceeding  ten  percent  of  the  7-Day,  10-Year  re- 
currence low  flow  condition. 


*See  Section  3 


Section  316(a)  of  the  Federal  Water  Pollution  Control  Act  (Ref.  2.0-7) 
generally  prohibits  the  use  of  once-through  systems  unless  it  can  be  demon- 
strated by  the  applicant  that  the  use  of  such  a system  would  not  signifi- 
cantly deteriorate  the  aquatic  environment.  This  act  will  probably  preclude 
the  use  of  a once-through  system  on  the  New  River.  Also,  .legislation  was 
recently  passed  at  the  Federal  level  establishing  the  New  River  as  a pro- 
tected, wild  and  scenic  river  (Ref . 2.0-11) . Another  consideration,  which 
tends  to  separate  federal  facilities  from  their  commercial  counterparts , is 
that  under  Executive  Orders,  and  Department  of  Defense  Directives  the 
federal  government  is  charged  with  providing  leadership  in  protecting  and 
enhancing  the  quality  of  the  nation's  environment. 

Based  on  the  foregoing  discussion,  the  use  of  mechanical  wet  towers  at 
RAAP  would  be  not  only  logical,  but  probably  would  also  be  economical  for 
sites  two  (2)  and  three  (3) . 

Site  Ratings 

Site  1-5 
Site  2-3 
Site  3-3 

2. 2. 5. 9 Operating  Access.  Throughout  the  life  of  the  proposed,  nuclear 
plant  it  will  be  necessary  to  transport  fuel,  wastes,  and  the  workforce  to 
and  from  the  plant  site  by  means  of  either  the  existing  transportation 
system  or  by  additions  to  the  existing  road  and  rail  network.  Since  the 
long  term  access  costs  of  getting  to  RAAP  proper  should  be  similar  for  all 
three  sites,  the  evaluation  of  operating  access  is  based  on  the  extra  costs 
of  added  roadway  construction  and  maintenance  within  RAAP.  Another  consi- 
deration included  here  is  that  fuels  may  have  to  be  transported  through 
populated  areas  or  tnrough  potentially  hazardous  land  uses. 
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Although  site  one  (1)  has  the  most  suitable  construction  access,  it  is 
the  least  suitable  for  access  during  reactor  operation  because  all  routes 
traverse  potentially  hazardous  areas.  Site  two  (2)  is  somewhat  better  but 
nevertheless  remote  from  existing  roadways  and  would  require  a new  road  in 
an  area  with  generally  poor  subsurface  condicions.  Site  three  (3)  being 
adjacent  to  new  State  Route  659  and  the  Norfolk  and  Western  Railroad,  may 
provide  the  most  suitable  access  conditions  during  plant  operation.  Also, 
excepting  the  road  and  the  east  branch  of  the  railroad  (over  which  RAAP 
does  not  ship  munitions)  site  three  (3)  is  virtually  free  of  adjacent 
hazardous  land  uses  through  which  fuel  or  plant  personnel  may  have  to  be 
transported. 

Site  Ratings 

Site  1-2 
Site  2-3 
Site  3-4 

2.2.5.10  Transmission  Considerations.  An  important  consideration 
throughout  the  lifetime  of  the  proposed  facility  is  the  transmission  net- 
work, whether  it  be  the  steam  distribution  system  or  the  electric  power 
network-.  The  evaluation  of  the  three  candidate  sites  for  transmission 
considerations  is  based  on  the  distance  to  the  existing  central  distribu- 
tion center  located  at  building  400  and  also  based  on  the  type  terrain  that 
these  new  systems  must  traverse. 

At  site  one  (1)  the  steam  distribution  pipeline  must  cross  the  New 
River  to  building  400  to  the  southwest,  and  then  go  back  across  the  river 
to  powerhouse  number  two.  Sites  two  (2)  and  three  (3)  will  require  only 
one  river  crossing  and  would  have  approximately  equal  amounts  of  difficulty 
in  terms  of  terrain. 
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Site  Ratings 

Site  1-3 
Site  2-4 
Site  3-4 

2.2.5.11  Meteorology.  Ambient  and  extreme  weather  conditions  are  not 
expected  to  markedly  vary  throughout  the  siting  area,  therefore  there 
should  not  be  very  significant  advantages  for  one  candidate  site  area 
relative  to  another.  However,  for  the  initial  evaluation  of  the  candidate 
sites  the  following  micro-meteorological  criteria  have  been  applied: 

(a)  Sites  upwind  from  population  centers'  and  dairy  farms  are  less 
desireable; 

(b)  Sites  (with  cooling  towers)  upwind  from  transportation  routes  are 
less  desireable; 

(c)  Comparison  of  local  wind  speeds  and  directions;  and 

(d)  Topographic  influences. 

Based  on  these  criteria,  sites  one  (1)  and  three  (3)  would  be  prefer- 
able to  site  two  (2)  because  of  their  predominantly  downwind  locations  with 
respect  to  the  Radford/East  Radford  population  centers.  Theoretically, 
site  three  (3)  would  have  somewhat  higher  wind  speeds  than  sites  one  (1) 
and  two  (2)  because  of  topographic  conditions.  This  would  promote  good 
atmospheric  diffusion. 

It  should  be  rioted  that  the  General  Meteorological  conditions  in  the 
vicinity  of  RAAP  are  poorly  suited  for  locating  thermal  power  plants.  The 
ammunition  plant  is  located  in  a broad  valley  surrounded  by  mountains  of 
one  thousand  feet  (1,000  ft)  or  more  of  relief  which  limit  the  horizontal 
movements  of  air  masses.  These  topographic  characteristics  increase  the 
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frequency  of  stable  atmospheric  conditions  which,  in  turn,  reduces  the 
diffusion  rates  of  plant  emissions.  Long,  linear  valleys  (such  as  those  in 
the  vicinity  of  RAAP)  limit  the  air  mass  movements  to  only  two  directions, 
up-valley  and  down-valley,  and  this  subject,  downwind  population  centers  to 
greater  doses  than  would  be  expected  for  sites  without  topographic  extremes. 

Regional  meteorological  data  reviewed  for  this  report  are  not  site 
specific?  that  is  they  have  been  collected  from  a number  of  sources  in 
southwestern  Virginia  and  are  used  here  for  general  guidance  only.  The 
prevailing  winds  in  the  vicinity  of  the  site  are  generally  believed  to  be 
from  a southerly  direction  during  the  summer  months  and  northerly  to 
westerly  during  the  winter  season. 

Humidities  in  the  vicinity  of  RAAP  are  frequently  high,  particularly 
in  the  early  morning  hours  when  fog  is  often  observed.  Low  lying  areas 
near  rivers  are  especially  conducive  to  fog  conditions;  hence  sites  one  and 
two  can  expect  a slightly  higher  frequency  of  fog  than  site  three.  Early 
morning  relative  humidities  approach  90%  during  the  summer  and  are  approxi- 
mately 70%  in  the  winter. 

Site  Ratings 

Site  1-2 
Site  2-3 
Site  3-4 

2.2.5.12  Aquatic  Ecology.  The  present  aquatic  environment  of  the 
New  River  and  Stroubles  Creek  in  the  vicinity  of  the  ammunition  plant  has 
been  severely  degraded  due  to  discharges  from  towns  upstream  and  from 
wastes  from  RAAP.  The  benthic  invertebrate,  diatom,  and  aquatic  macrophyte 
communities  sampled  in  the  New  River  and  Stroubles  Creek  near  RAAP  show 
stressed  conditions  duv  to  pollution  (Ref.  2.0-12). 
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The  site  ratings  for  aquatic  ecology  are  based  on  the  concept  of 
"pollution-tolerant"  versus  "pollution-intolerant"  biotic  communities.  It 
is  generally  accepted,  where  pollution  is  an  unavoidable  necessity,  to  site 
in  areas  which  are  already  degraded  (pollution-tolerant)  rather  than  in 
areas  that  are  pristine  or  nearly  so.  Stroubles  Creek,  which  receives 
secondary  treated  sewage  effluent  from  the  Blacksburg-VPI  treatment  plant, 
supports  a pollution-tolerant  community  even  before  it  centers  the  RAAP 
property.  The  New  River  supports  a pollution- intolerant  community  through- 
out its  traverse  through  RAAP  but  the  number  of  taxa  and  density  of  organ- 
isms is  significantly  reduced  when  compared  to  the  conemnities  above  and 
below  the  ammunition  plant. 

A problem  area  common  to  the  three  candidate  sites  is  the  location  and 
subsequent  impact  of  the  intake  and  discharge  structures  for  the  proposed 
nuclear  plant.  Based  on  very  limited  data  made  available  for  this  study 
concerning  river  depths  and  substrate  conditions,  it  seems  that  the  New 
River  is  shallow  throughout  its  traverse  of  the  ammunition  plant. 

A shallow,  rocky  river  bottom  is  indicated  throughout  the  area.  Water 
levels  fluctuate  daily  (up  to  four  feet)  based  on  the  discharges  from  the 
hydroelectric  plant  at  Claytor  Lake.  Complex  intake  and  discharge  mechan- 
isms may  be  warranted  for  any  of  the  three  sites. 

Site  Ratings 

Site  1-3 
Site  2-3 
Site  3-4 

2.2.5.13  Terrestrial  Ecology.  Prior  to  its  acquisition  and  develop- 
ment by  the  federal  government,  most  of  the  Radford  plant  area  had  been 
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cleared  for  agricultural  purposes.  Aerial  photographs  taken  during 
November,  1937  show  site  one  to  be  cleared  and  in  agricultural  production; 
site  two  to  be  forested  but  appearing  thinned  out;  and  site  three  under 
dense  forest  cover.  Similar  vegetative  patterns  exist  today  with  site 
one  mowed,  and  sites  two  and  three  forested. 

No  rare  and  endangered  species  have  been  reported  for  the  study  area 
and  none  are  expected  to  use  the  area  for  breeding  because  of  the  lack  of 
suitable  habitat  or  because  of  intense  human  activity.  Also,  none  of  the 
flora  reported  for  the  study  area  are  listed  as  rare  or  endangered  by  the 
Federal  Threatened  or  Endangered  List.  However,  several  species  of  this 
list  use  limestone  outcroppings  as  preferred  habitats  and  only  a field  in- 
vestigation would  delineate  their  presence. 

The  site  ratings  presented  for  terrestrial  ecology  are  based  on  the 
amount  of  manipulation  or  perturbation  that  has  occurred  at  each  site. 
Areas  which  have  been  cleared  for  agricultural  or  industrial  uses  would  be 
the  least  sensitive  to  the  location  of  a new  facility  whereas  pristine, 
areas  or  areas  that  are  nearly  so,  would  be  the  most  sensitive  to  change. 

Site  Ratings 

Site  1-5 
Site  2-3 
Site  3-3 

2.2.5.14  Cumulative  Population  Density.  Historically,  the  Nuclear 
Regulatory  Commission  has  encouraged  siting  nuclear  power  plants  away  from 
densely  populated  areas  regardless  of  the  safety  features  built  into  the 
generating  facilities.  Cumulative  population  densities  of  five-hundred 
persons  per  square  mile  (500  per/mi“)  for  the  construction  permit  date  and 
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one  thousand  persons  per  square  mile  (1,000  per/mi  ) during  the  plant's 
operating  life  are  the  present  recommended  limits  of  the  Nuclear  Regulatory 
Commission. 

The  Site  Population  Factor  (SPF) , which  not  only  considers  the  Cumu- 
lative population  to  a radial  distance  of  thirty  miles,  but  also  accounts 
for  the  distance  to  local  population  concentrations,  is  a somewhat  less 
conservative,  but  probably  more  realistic  assessment  of  population  distri- 
bution. An  SPF  of  <_  0.5  is  suggested  at  the  construction  permit  stage,  and 
an  SPF  of  <_  1.0  is  suggested  for  the  operating  life  of  the' plant. 

Demographic  data  (Ref.  2.0-13)  furnished  by  the  Department  of  the  Army 

2 

show  the  1970  maximum  cumulative  population  density  to  be  318  persons/mi 
and  the  SPF  not  to  exceed  0.2  throughout  a radial  distance  of  fifty  miles. 

Based  on  a preliminary  evaluation  of  trends  in  population  distribution 
and  growth  rates,  it  is  expected  that  the  cumulative  population  and  SPF 
for  the  years  1980  (construction  permit)  and  2020  (decommission)  will  be 
within  the  limits  Recommended  by  the  Nuclear  Regulatory  Commission.  If  for 
any  reason  these  projections  should  change,  by  virtue  of  a more  detailed 
investigation,  and  exceed  the  recommended  limits,  the  technical  and  economic 
considerations  of  site  selection  close  to  the  ammunition  plant  should 
still  be  considered. 

Site  Ratings 

Site  1-5 
Site  2-5 
Site  3-5 
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2.2.5.15  Exclusion  Area  Radius.  The  selection  of  an  exclusion  area 
radius  by  the  reactor  licensee  is  required  by  the  Nuclear  Regulatory  Com- 
mission. Within  the  exclusion  area  the  licensee  shall  have  the  "authority 
to  determine  all  activities...  including  the  removal  of  personnel  and  prop- 
erty. The  exclusion  area  must  be  of  such  size  that  doses  to  individuals 
at  any  point  on  its  boundary  for  two  hours  immediately  following  the  onset 
of  a postulated  fission  produce  release  are  less  than  certain  prescribed 
values"  (Ref.  2.0-2).  The  size  of  the  exclusion  area  radius,  as  can  be 
interpreted  from  the  preceeding  statement,  is  highly  dependent  on  the  en- 
gineering design  of  the  reactor,  containment,  and  associated  facilities. 

Until  further  data  is  made  available  for  analyses,  it  is  assumed  that 
the  exclusion  area  radius  will  be  equal  to  0.4  miles.  This  value  is  con- 
sidered the  minimum  radius  acceptable  to  the  Nuclear  Regulatory  Commission. 
Smaller  values  may  necessitate  incorporation  of  -'dditional  safety  features 
into  plant  design. 

Each  candidate  site  has  been  evaluated  and  rated  based  on  the  amount 
of  RAAP-controlled  land  within  the  proposed  exclusion  area  and  the  nature 
of  activities  within  the  proposed  boundaries.  The  exclusion  area  of  site 
one  lies  almost  wholly  within  the  boundaries  of  the  ammunition  plant. 
Although  the  exclusion  area  includes  a portion  of  land  across  the  river  in 
Montgomery  county,  it  should  still  be  possible  to  control  all  activities 
within  the  area.  There  is  space  at  site  one  to  permit  expansion  of  the 
exclusion  area  should  it  be  found  necessary. 

At  site  two,  a parcel  of  land  on  the  west  bank  of  the  New  River  is 
included  in  the  exclusion  area.  Although  photorevised  (1970)  7 1/2  minute 
topographic  quadrangle  maps  do  not  show  any  residences  or  other  activities 
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across  the  river,  it  may  be  necessary  to  demonstrate  that  this  area  can  be 
evacuated  in  a timely  manner  in  the  event  of  a plant  accident.  The  west 
branch  of  the  Norfolk  and  Western  Railroad,  over  which  RAAP  ships  most  of 
its  munitions  and  raw  materials,  as  well  as  a portion  of  the  staff  village, 
are  included  in  the  site  two  exclusion  area. 

Site  three's  exclusion  area  is  traversed  by  Va.  Route  659  as  well  as 
another  branch  of  the  Norfolk  and  Western  Railroad.  This  should  not  pose  a 
major  licensing  problem  so  long  as  it  can  be  demonstrated  that  the  Radford 
Personnel  can  control  access  to  the  exclusion  area  in  times  of  emergency. 
Also,  there  are  tentative  plans  for  the  construction  of  a sewage  treatment 
plant  along  Stroubles  Creek  in  the  vicinity  of  site  three.  The  impact  of 
this  activity  will  have  to  be  assessed  when  more  information  is  known 
concerning  its  location  and  mode  of  operation. 

Site  Ratings 

Site  1-4 
Site  2-2 
Site  3-2 

2.2.5.16  Low  Population  Zone.  The  Low  Population  Zone  (LPZ)  is 
another  siting  consideration  that  is  directly  related  to  the  engineering 
design  of  the  reactor  and  plant  safety  features.  The  criteria  for  rating 
each  candidate  site  at  the  ammunition  plant  are  the  land  area  which  the 
LPZ  includes,  the  activities  vithin  this  area,  population  centers,  and 
possible  evacuation  routes. 

A three  mile  radius  has  been  used  as  the  exclusion  area  radius  for  site 
selection  purposes.  The  candidate  sites,  being  in  close  proximity  to  one 
another,  would  have  a significant  overlap  of  their  resepctive  LPZ's. 
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However,  the  LPZ  for  site  two  would  include  a portion  of  the  East  Radford  - 
Radford  College  population  concentration. 

Site  Ratings 

Site  1-3 
Site  2-3 
Site  3-4 

2.2.6  Analyses  and  Recommendations. 

2. 2. 6.1  Weighted  Ratings.  As  previously  discussed  in  subsections 
2. 2. 4. 2 and  2.2.4. 3,  Data  Analyses  and  Rating  System,  and  Weighted  Issues, 
respectively,  the  prime  site  is  selected  based  on  the  ratings  of  each  site 
characteristic  and  the  weighting  of  overall  importance  of  the  issues 
studied.  The  final  ranking  is  achieved  by  multiplying  a site's  rating  by 
a relative  weighting  for  that  issue.  The  data  for  this  analysis  has  been 
subdivided  into  three  major  issues:  Initial  Engineering  Considerations, 

Operating  and  Maintenance  Considerations,  and  Environmental  and  Demographic 
Considerations.  Table  2.2-2  presents  a summary  of  this  analysis. 

In  order  to  select  a site  based  on  the  three  major  issues  of  Initial 
Engineering  Considerations,  Operating  and  Maintenance  Considerations,  and 
Environmental  and  Demographic  Considerations,  it  is  necessary  to  combine 
the  three  issues  using  a weighting  scheme  similar  to  that  used  for  the 
analysis  (Table  2.2-3). 
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TABLE  2.2-2:  Site  Identification  Analyses 


ISSUE  WEIGHT  SITE  RATING  X WEIGHT 


(Ratio) 

Site  One  (1) 

Site  Two  (2) 

Site  Three 

Initial  Engineering  Considerations 

Foundation  Eng. 

4 

8 

12 

16 

Geology 

3 

9 

9 

12 

Hydrology 

3 

9 

15 

12 

Hazardous  Land  Use 

5 

10 

10 

15 

Construction  Access 

1 

4 

3 

3 

Plant  Layout 

2 

10 

_6 

_4 

TOTAL 

50 

55 

62 

NORMALIZED 

RATING 

56 

61 

69 

Operating  and  Maintenance  Considerations 

Cooling  Water 

5 

25 

15 

15 

Operating  Access 

1 

2 

3 

4 

Transmissions 

4 

12 

16 

16 

Meteorology 

3 

_6 

_9 

12 

TOTAL 

45 

43 

47 

NORMALIZED  RATING 

69 

66 

72 

Environmental  and  Demographic  Considerations 

Aquatic  Ecology 

4 

12 

12 

16 

Terrestrial  Ecology 

3 

15 

9 

6 

Cumulative  Pop. 

1 

5 

5 

5 

Exclusion  Area 

4 

16 

8 

8 

LPZ 

5 

15 

15 

20 

TOTAL 

63 

49 

55 

NORMALIZED 

RATING 

74 

58 

65 
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TABLE  2.2-3 


COMBINED  ISSUES  ANALYSES 


ISSUE 

WEIGHT 

SITE  RATING  X 

WEIGHT 

(Ratio) 

Site  One 

(1)  Site  Two 

(2)  Site  Three 

Initial  Engineering 

10 

560 

610 

690 

OSM  Considerations 

9 

621 

594 

648 

Envir.  and  Demog. 

7 

518 

406 

455 

TOTAL 

1699 

1610 

1793 

NORMALIZED  RATING 

65 

62 

69 

The  final,  normalized  values  are  based  on  a scale  of  zero  to  one 
hundred  (0-100) . All  of  the  sites  have  been  penalized  because  of  their 
geologic  and  geographic  settings  along  with  their  location  with  respect 
to  potentially  hazardous  areas.  Based  on  an  evaluation  of  the  available 
data  and  on  the  preceeding  analysis  scheme,  it  is  believed  that  all  three 
candidate  sites  are  feasible  and  can  be  licensed. 

2. 2. 6. 2 Prime  Site  Recommendation.  Site  three,  at  the  eastern  margin 
of  RAAP,  is  suggested  as  the  prime  site  area  for  this  study.  This  tenta- 
tive recommendation,  included  in  a draft  report  entitled  Site  Identification, 
had.  been  submitted  to  the  Department  of  the  Army  for  their  review  and 
comment.  Briefly,  the  following  comments  can  be  made  with  regard  to  the 
identification  of  site  three  as  a prime  site: 

(a)  Site  three  (3)  is  the  most  suitable  site  in  terms  of  Initial 
Engineering  Considerations.  Roughly,  this  issue  may  be  equated 
to  safety  and  licensing  considerations.  As  can  be  seen  in  the 
tables,  geology  and  foundation  engineering  sure  major  factors 
favoring  the  use  of  Site  #3. 
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(b)  Site  one  (1)  is  the  most  suitable  site  in  terms  of  environmental 
and  demographic  considerations.  However,  it  should  be  noted  that 
all  three  sites  are  presently  zoned  for  industrial  use.  Although 
this  fact  will  not  change  the  actual  environmental  impacts  of 
locating  at  any  of  the  three  candidate  sites,  it  would  seem  that 
the  planned  commitment  to  use  these  areas  for  industrial  appli- 
cations connotes  a certain  acceptance  of  possible  negative  im- 
pacts by  local  planning  agencies.  The  acceptance  of  zoning  as  a 
site  suitability  criterion  would  favor  Site  three  and  serve  to 
revise  its  environmental  ratings  upwards. 

(c)  The  ratings  for  Site  two  indicate  that  this  area  is  the  least 
favorable  (relative  to  Sites  one  and  three)  for  locating  the 
proposed  facility.  Its  location  with  respect  to  the  west  branch 
Norfolk  and  Western  Railroad  (which  is  known  to  regularly  carry 
explosives) , its  exclusion  area,  and  its  location  with  respect  to 
the  Radford-East  Radford  population  centers,  along  with  suspect 
geotechnical  site  conditions,  all  serve  to  significantly  down- 
grade this  site. 

2 . 3 EVALUATION  OF  THE  PRIME  SITE 

2.3.1  Geography  and  Demography 

2. 3. 1.1  Location.  The  proposed  nuclear  process  steam/electric  gene- 
rating plane  is  located  approximately  0.6  miles  south  of  the  New  River  in 
Montgomery  County,  Virginia.  The  site  lies  within  the  confines  of  Radford 
Army  Ammunition  Plant,  (RAAP) , approximately  1.25  miles  east-northeast  of 
the  main  administration  building,  and  is  adjacent  to  the  newly  constructed 
Virginia  State  Route  685.  The  nearest  town  with  a population  greater  than 
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1,000  is  Radford  city  (population  11,596  in  1970)  located  3.2  nales  (popu.v- 
tion  3.2  miles  southwest.  Roanoke  (population  92,115  lies  approximately  30 
miles  east-northeast  of  the  site  and  Lynchburg  (population  Est.  60,000)  J4 
miles  east-northeast.  The  area  within  the  site  environs  is  generally  wood- 
lands and  very  sparsely  populated.  The  coordinates  of  the  proposed  reactor 
site  are  approximately  37o10'57"  north  latitude  and  80°31'06"  west  longitude. 
The  Universal  Transverse  Mercator  coordinates  of  the  proposed  site  are  ap- 
proximately 4,115,170  mN  and  542,740  mE. 

2. 3. 1.2  Site  Description.  Figure  2-3  shows  the  location  of  the 
site  along  with  the  location  of  the  proposed  reactor,  exclusion  area  bound- 
ary, and  present  property  lines.  The  ammunition  plant  presently  consists  of 
4154  acres  of  which  2800  acres  are  used  for  manufacturing  (Ref.  2.0-1). 

The  site  area  is  presently  zoned  for  industrial  development  and  plans  exist 
for  the  development  of  a sewage  facility  along  the  main  branch  of  Stroubles 
Creek  near  the  proposed  reactor  site.  This  plant  will  be  built  on  land 
exchanged  between  the  State  and  the  Department  of  the  Army.  This  exchange 
will  result  in  the  acquisition  of  RAAP  property  (east  of  Stroubles  Creek) 
by  the  State,  and  the  State  willthen  give  to  the  Army  a parcel  of  land  east 
and  southeast  of  the  present  TNT  area. 

2. 3. 1.3  Exclusion  Area.  As  shown  on  Figure  2.3,  the  radius  of  the 
exclusion  area  surrounding  the  proposed  plant  has  been  assumed  to  be  equal 
to  2100  feet  (0.4  miles).  This  is  a tentative  exclusionary  radius  for  the 
purposes  of  this  study. 

The  boundaries  of  the  exclusion  area  include  portions  of  newly- 
constructed  Virginia  State  Route  659  and  the  Norfolk  and  Western  Railroad. 
Other  actual  and  planned  activities  occurring  within  the  exclusion  zone  are 
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the  operation  of  a data  processing  center  for  the  Deputy  Chief  of  Staff  for 
Logistics  (DCSLOG) , four  structures  along  the  southwestern  margin  of  the 
zone  which  are  believed  to  be  residences,  the  finishing  area  access  roads, 
and  a planned  municipal  sewage  treatment  facility.  Other  facilities  which 
are  either  in  the  final  design  or  construction  stages  are  the  continuous 
automatic  single-base  lines  (propellants),  units  #1,  #2,  and  S3,  that  lie 
just  at  the  north  and  northwestern  margins  of  the  exclusion  area  adjacent  to 
the  New  River.  With  the  exception  of  the  road  and  railroad,  the  exclusion 
area  will  not  be  accessible  to  the  public.  Emergency  plans  can  be  developed 
to  control  access  along  these  routes  in  the  event  of  a plant  accident. 

2. 3. 1.4  Low  Population  Zone.  The  Low  Population  Zone  (LPZ)  for  the 
proposed  reactor  site  has  been  tentatively  set  at  three  miles  for  the  pur- 
poses of  this  study.  There  is  no  singular  population  concentration  within 
the  LPZ.  Rather,  most  of  Irha  population  is  distributed  linearly  along 
Virginia  Route  114.  A count  of  houses  within  the  Low  Population  Zone  util- 
izing 1970  photo-revised  topographic  quadranges  reveals  a total  of  480 
structures  which  may  be  residences.  Assuming  all  structures  are  residences 
occupied  by  a family  of  four  persons,  the  total  resident  population  of  the 
LPZ  would  be  1920  persons.  It  is  conservatively  estimated,  based  on  the 
average  population  density  of  Montgomery  County,  that  the  resident  popula- 
tion within  the  Low  Population  Zone  will  be  approximately  2200,  3200,  and 
4900  persons  for  the  years  1980,  2000,  and  2020,  respectively.  Again,  these 
are  very  conservative  estimates  in  that  a uniform  population  density  has 
been  assumed  for  Montgomery  County.  The  transient  population  must  be  added 
to  these  estimates. 
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2. 3. 1.5  Cumulative  Population.  The  population  projections  shown  on 
Table  2.3-1  arc  based  on  simplifying  analytical  procedures.  Average  popu- 
lation densities  for  counties  and  independent  cities  were  tabulated  and  the 
area  of  these  cities  and  counties  v/ithin  an  annular  ring  estimated  as  frac- 
tions thereof.  The  projected  populations  for  the  years  1980  and  2020  were 
taken  from  State  planning  projections. 

TABLE  2.3-1 

CUMULATIVE  POPUIATION  DENSITY  IN  THE  VICINITY  OF 
RADFORD  ARMY  AMMUNITION  PLANT;  1970,  1980,  and  2020* 


Distance  1970  1980  2020 


Population 

Density 

Population 

Density 

Population 

Density 

0-  5 miles 

20,430 

260 

25,000 

318 

39,000 

497 

10  miles 

57,648 

184 

59,000 

188 

109,000 

347 

20  miles 

107,086 

83 

133,000 

106 

234,000 

186 

30  miles 

216,095 

76 

247,000 

87 

412,000 

146 

♦Source:  Population  Projections  to  1980,  1990,  2000,  2010,  and  2020  for 

Virginia  Counties,  Cities,  and  Planning  Districts.  Commonwealth 
of  Virginia,  Office  of  the  Governor,  office  of  Research  and  In- 
formation. Richmond,  March  1971. 

RAAP  is  located  in  an  area  of  reasonable  demographic  isolation.  The 
area  is  surrounded  by  mountainous  terrain  which  somewhat  restricts  the  den- 
sity of  agriculture.  Historically,  the  area  has  been  settled  by  small  sub- 
sistence farmers  resulting  in  a relatively  dense  rural  population.  In  re- 
cent years  the  rural  population  has  been  migrating  to  nearby  towns  and 
cities  such  as  Blacksburg,  Christiansburg,  Roanoke,  Radford,  and  Pulaski. 
Table  2.3-2  presents  these  growth  trends  for  the  study  area. 


TABLE  2.3-2 


POPULATION  GROWTH  IN 

MONTGOMERY  AND 

PULASKI 

COUNTIES* 

% 

Change 

County /City 

1950 

1960 

% 

Change 

1970 

Montgomery  Co. 

29,280 

32,923 

12.4 

47,157 

43.2 

Blacksburg 

3,358 

7,070 

111.0 

9,384 

32.7 

Christiansburg 

2,967 

3,653 

23.1 

7,857 

115.1 

Pulaski  Co. 

27,758 

27,258 

- 1.8 

29,564 

8.4 

Pulaski  Town 

9,202 

10,469 

13.7 

10,279 

- 1.8 

Radford  City 

9,026 

9,371 

3.8 

11,596 

23.4 

Virginia 

3,319,000 

3,967,000 

19.5 

4,648,000 

17.2 

United  States 

150,697,000 

179,326,000 

19.0 

203,185,000 

13.3 

*Source:  United  States  Census  of  Population,  1950  and  1970,  Virginia. 

These  trends,  1950  to  1970,  can  be  expected  to  continue.  Table  2.3-3 
indicates  possible  future  populations,  and  it  is  expected  that  the  greatest 
part  of  the  population  increases  for  Montgomery  and  Pulaski  Counties  will 
occur  in  the  vicinity  of  Blacksburg,  Christiansburg,  and  Pulaski  Town. 
Radford  is  an  independent  city  which  is  expected  to  grow  by  as  much  as 
thirty  percent.  None  of  the  towns,  cities,  or  counties  in  the  area  sur- 
rounding RAAP  are  expected  to  experience  a population  decline. 

Cumulative  population  density  within  thirty  miles  of  the  pro- 
posed reactor  site  is  expected  to  be  acceptable  throughout  the  operating 
life  of  the  facility.  That  is,  in  1980,  which  is  assumed  to  be  the  year  a 
construction  permit  would  be  issued,  the  thirty  mile  cumulative  population 
density  would  be  less  than  500  persons  per  square  mile.  The  projected 
thirty  mile  cumulative  population  for  the  operating  life  of  the  reactor 
should  not  exceed  1,000  persons  per  square  mile. 
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TABLE  2.3-3 


POPULATION  PROJECTIONS  FOR  THE  STUDY  AREA* 


County/ 


City 

1970 

1980' 

1990 

2000 

2010 

2020 

Montgomery 

Co. 

47,157 

64,600 

83,600 

102,500 

123,200 

146,000 

Pulaski 

Co. 

29,564 

32. 500 

36,200 

40,000 

44,600 

49,300 

Radford 

City 

11,596 

12,500 

13,200 

14,000 

14,600 

15,000 

Virginia 

4,648,494 

5,415,000 

6,284,000 

7,222,000 

8,217,000 

9,350,000 

♦Source:  "Population  Projections  to  1980,  1990,  2000,  2010,  and  2020  for 

Virginia  Counties,  Cities  and  Planning  Districts,”  Division  of 
State  Planning  and  Community  Affairs,  Office  of  Research  and  In- 
formation, Richmond,  Virginia,  March  1971. 


2. 3. 1.6  Transient  Population.  Transient  population  in  the  vicinity 
of  the  proposed  reactor  site  includes  variations  in  population  on  a season- 
al basis  and  variations  in  population  distribution  during  the  working  day, 
particularly  in  the  Exclusion  Area  and  the  Low  Population  Zone.  Prelimin- 
ary information  (Ref.  2.^-’ 4)  indicates  that  there  are  few  seasonal  transi- 
ents in  Montgomery  and  Pulaski  Counties.  Furthermore,  there  are  few  facil- 
ities near  RAAP  which  would  attract  such  a population.  However,  daily 
transients  are  numerous  in  view  of  the  activities  at  RAAP,  the  close  prox- 
imity of  Virginia  State  Roue  659  immediately  adjacent  to  the  site,  and 
Route  114  which  is  4200  feet  south  of  the  site.  Transient  population  on 
the  Norfolk  and  Western  Railroad  (1200  feet  east)  and  on  the  New  River 
(3000  feet  north)  is  unknown  but  expected  to  be  negligible.  Table  2.3-4 
presents  a summary  of  activities  within  the  Low  Population  Zone.  The  num- 
ber of  persons  per  activity,  in  most  cases,  has  been  estimated  but  is  be- 
lieved conservative. 


TABLE  2.3-4 

ESTIMATED  TRANSIENT  USE  IN  THE  LOW  POPULATION  ZONE 


Estimated 


Source 

Location 

Transient  Population 

Daily  Use  of  LPZ 
Radford  Ammo  Plant 

1/2-3  miles 

W 

3,866 

Filtration  Plant 

0.85  mi 

S 

20 

Belview  School 

1. 0 mi 

S-SE 

200 

Pine  View  Church 

1.32  mi 

S-SE 

100 

New  River  Church 

1.0  mi 

S-SW 

100 

Local  Business  (Est. ) 

0.8-3  mi 

25 

Mount  Hope  Church 

3.8  mi 

E 

100 

TOTAL 

4,411 

t 

t 

i 

f 

| 
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TABLE  2.3-4  (Continued) 


Source 


Location 


Estimated 

Transient  Population 


(b)  Peak  Day  Use  of  LPZ 
New  River 
Price  Mountain 
TOTAL 


0.6  mi  N 
0. 5-1.0  mi  E 


(c)  Daily  Population  Movement 

Through  LPZ 

Norfolk  & Western  Railroad 
State  Highway  659 

State  Highway  114 
Hew  River 
TOTAL 

(d)  Daily  Transient  Population 
Total  Daily  Use 

Daily  Population  Movement 
TOTAL 


Varies 
. 03  mi  E 
0.8  mi  S 
0.6  mi  N 


100 

15.000 

10.000 

10 

25,110 


4,411 

25,110 

29,521 


(e)  Peak  Day  Transient  Population 
Total  Peak  Day  Use  of  LPZ 
Daily  Population  Movement 
TOTAL 


300 

25,110 

25,410 


2. 3. 1.7  Major  Population  Centers.  The  population  center,  or  city 
closest  to  the  site  with  a population  greater  than  25,000  is  Roanoke,  Vir- 
ginia. Located  thirty-two  miles  east-northeast,  Roanoke  had  a 1970  census 
population  of  92,115.  This  represented  a loss  of  over  five  percent  from 
the  1960  population  of  97,110  (Ref.  2.0-15).  However,  the  Roanoke-Salem 
metropolitan  area  grew  by  over  thirteen  percent  during  the  1960-1966  period. 
Table  2.3-5  shows  cities  with  populations  greater  than  10,000  persons  with- 
in 50  miles  of  the  site. 


TABLE  2.3-5 


MAJOR  POPULATION  CENTERS  OF  APPROXIMATELY  10,000  PERSONS  WITHIN  50  MILES 


City 

Population 

Distance 

Roanoke 

92,115 

32  mi 

ENE 

Salem 

21,928 

26  mi 

ENE 

Radford  City 

11,596 

7 mi 

SW 

Radford  College 

3,800 

6 mi 

SW 

VPI  & SU  College 

12,000 

6 mi 

NE 

Blacksburg 

9,200 

7 mi 

NE 

Christiansburg 

7,857 

10  mi 

SW 

2. 3. 1.8  Land  Use  and  Zoning.  The  land  area  within  10  miles  of  the 
proposed  site  lies  in  portions  of  two  counties:  Montgomery  and  Pulaski 

counties,  Virginia.  In  Pulaski  County,  one-half  of  the  area  is  forested 
and  wood  processing  industries  are  important  to  the  general  economy.  Tex- 
tile and  furniture  manufacturing  plants,  primarily  in  the  Pulaski  Town  area, 
are  among  the  largest  of  the  county's  activities.  The  county's  fertile 
farmlands  are  devoted  largely  to  grazing  and  dairy  farming.  Claytor  Lake, 
an  Appalachian  Power  Company  hydro-electric  reservoir  on  the  New  River  in 
the  Radford-Dublin  area,  is  the  primary  recreational  attraction  of  the  area 
(Ref.  2.0-16). 

Approximately  two-thirds  of  the  Montgomery  County  area  is  forested. 
There  are  varied  mineral  resources  including  the  mining  of  minor  amounts  of 
coal  along  Price  Mountain  along  with  aggregate  and  limestone  production. 
Livestock,  grain,  and  dairying  are  the  primary  agriculture  interests.  Al- 
though there  are  no  heavily  industrialized  centers,  there  are  numerous  in- 
dustrial operations  in  the  Christiansburg-Blacksburg-Radford  area.  There 
are  two  general  hospitals,  one  in  Christiansburg  and  one  in  Radford,  and  two 
state-owned  colleges,  Virginia  Polytechnic  Institute  and  State  University 
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(Enr.  12,000)  at  Blacksburg  and  Radford  College  (Enr.  3,800)  at  Radford 
(Ref.  2.0-16). 

The  total  population  of  the  New  River  Basin,  in  which  Montgomery  and 
Pulaski  Counties  are  located,  is  approximately  185,000  persons,  with  an 
average  density  of  some  61  persons  per  square  mile.  The  Basin  is  the  least 
populated  major  river  basin  in  the  State  of  Virginia  because  of  its  remote- 
ness and  rough  terrain.  Twelve  percent  of  the  work  force  of  75,000  persons 
is  employed  in  farming  - approximately  twice  the  national  average.  Thirty- 
eight  percent  of  the  work  force  is  engaged  in  manufacturing  and  approxi- 
mately fifty  percent  is  engaged  in  non-manufacturing  activities  excluding 
farming.  The  Radford  Army  Ammunition  Plant,  operated  by  Hercules  Powder 
Company,  and  the  Celanese  Corporation  near  Narrows  in  Giles  County,  are  the 
largest  employers  in  the  Virginia  portion  of  the  New  River  Basin  (Ref. 
2.0-16) . 

To  a great  extent,  topography  of  the  area  controls  land  use  patterns. 
Generally,  the  steep  slopes  at  higher  elevations  are  forested;  the  more 
gentle  and  cleared  slopes  of  the  mountains  are  used  for  grazing  and  dairy- 
ing; and  the  gently  rolling  hills  and  broad  valley  bottoms  are  in  cultiva- 
tion. Population  concentrations  as  well  as  transportation  facilities  are 
located  at  the  lower  elevations  and  along  streams  and  rivers.  Table  2.3-6 
presents  a summary  of  land  and  water  use  acreage  for  counties  surrounding 
the  proposed  site. 
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TABLE  2.3-6 


LAND  AND  WATER  USE  ACREAGE  FOR  GILES,  PULASKI,  MONTGOMERY,  AND  FLOYD 

COUNTIES,  VIRGINIA* 


Land 


County 

Cropland 

Pasture 

Forest 

Other 

Urban 

Total 

Water 

Floyd 

26,600 

83,400 

102,000 

5,700 

3,000 

220,700 

100 

Giles 

13,600 

47,200 

153,200 

3,100 

3,000 

220,100 

100 

Montgomery 

9,600 

43,200 

64,200 

1,800 

3,500 

122,300 

600 

Pulaski 

25,400 

64,100 

106,900 

6,500 

6,700 

209,100 

4,700 

♦Source:  New  River  Basin  Comprehensive  Water  Resources  Plan,  Volume  I In- 

troduction, Division  of  Water  Resources,  Commonwealth  of  Virginia, 
Richmond  1966. 


The  area  designated  as  the  proposed  reactor  site  is  presently  zoned  for 
industrial  development  (Ref.  2.0-17).  This  area  included  the  entire  Radford 
Army  Ammunition  Plant  from  the  New  River  to  Virginia  Route  114.  The  area 
east  of  the  Norfolk  and  Western  where  it  approached  the  site  is  zoned  for 
agricultural  use  as  are  those  areas  north  and  south  of  the  ammunition  plant. 
That  area  of  Price  .u  rantain  east  of  the  site  which  is  not  designated  as  ag- 
ricultural is  zoned  for  state  (Virginia  Polytechnic  Institute  and  State 
University)  use  (Ref.  2.0-17). 

2. 3. 1.9  Hazardous  Land  Use.  The  most  hazardous  land  use  in  the  vicin- 
ity of  the  site  is  the  operation  of  the  Radford  Army  Ammunition  Plant.  RAAP 
manufactures  solid  propellant  for  small  arms,  cannons,  and  rockets;  mortar 
increments  and  igniters;  assorted  explosives  and  related  items.  RAAP  also 
processes  and  assembles  components  and  complete  units  of  rocket  motors. 

Basic  manufacturing  areas  produce  large  quantities  of  chemicals,  such  as 
nitric  and  sulphuric  acids  from  raw  materials.  These  chemicals  are  then 
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used  to  make  such  basic  manufacturing  ingredients  such  as  nitrocellulose 
and  nitroglycerin. 

TNT  facilities  produce  trinitrotoluene  by  continuous  nitration  and 
purification  processes.  The  TNT  is  then  used  in  the  production  of  high  ex- 
plosives. The  recent  addition  of  the  TNT  facilities  to  RAAP  production  cap- 
abilities represents  a prototype  installation  and  is  the  first  facility  of 
its  kind  to  be  constructed  in  the  United  States  for  the  continuous  manufac- 
ture of  TNT. 

Table  2.3-7  presents  a listing  of  the  hazardous  materials  located  in 
the  vicinity  of  site  three:  the  type  of  manufacturing  facility,  explosive 

limits  in  pounds,  distance  from  the  reactor  and  calculated  pressures  from  a 
postulated  explosion.  The  peak  reflected  pressures  are  calculated  using 
the  methodology  presented  in  NRC  Regulatory  Guide  1.91,  Evaluation  of  Ex- 
plosives Postulated  to  Occur  on  Transportation  Routes  Near  Nuclear  Power 
Plants.  These  values  for  each  postulated  accident  are  conservative  in  that 
they  do  not  take  into  consideration  the  reflective  effects  of  topography 
and  dampening  by  vegetation. 


TABLE  2.3-7 

HAZARDOUS  MATERIALS  IN  THE  VICINITY  OF  THE  PROPOSED  REACTOR  SITE 


Distance 


Facility 

From  Site 
(Ft) 

Explosive  Limits 
(Pounds) 

Peak  Reflected  Pressure 
(PSI) * 

Automated  Single 
Base  Line  (E) 

1400  NW 

140,700 

Extreme  Fire  Hazard 
\ 

Automated  Single 
Base  Line  (W) 

1800  NVJ 

200,000 

Extreme  Fire  Hazard 

Magazine 

4200  N 

50,000 

<1.0 

Holding  Yard 

4800  NW 

400,000 

1.5 

2-60 


TABLE  2.3-7  (Continued) 


Facility 

Distance 
From  Site 
(Ft) 

Explosive  Limits 
(Pounds) 

Peak  Reflected  Pressure 
(PSI) * 

Automated  Single 

Base  Line  (IIIS) 

1680  N 

241,680 

4.0 

Automated  Single 

Base  Line  (III-N) 

2120  N 

246,680 

3.0 

TNT  Loading  Dock 

4400  SW 

45,000 

<1.0 

♦Pressures  are  approximate  and  based  on  the  assumption  that  the  explo- 
sive limits  are  for  TNT  or  the  TNT  equivalent  of  the  most  energetic 
propellant  in  the  facility. 

Since  nuclear  power  plants  in  the  United  States  are  designed  to  safely 
withstand  the  design  basis  tornado  described  in  NRC  Regulatory  Guide  1.76, 
Design  Basis  Tornadoes  for  Nuclear  Power  Plants,  a postulated  explosion 
which  produces  a peak  over  pressure  (ambient  plus  explosive  event)  no  great- 
er than  the  wind  pressure  caused  by  the  design  basis  tornado  should  not 
cause  an  accident  or  prevent  the  orderly  safe  shutdown  of  the  plant  (Ref. 
2.0-18).  The  dynamic  wind  pressure  recommended  for  tornado  occurring  in  the 
vicinity  of  RAAP  (Region  I of  Regulatory  Guide  1.76)  is  2.3  psi  above  ambi- 
ent conditions.  From  Table  2.3-7  it  can  be  seen  that  this  value  is  exceed- 
ed for  some  of  the  postulated  accidents. 

Transportation  accidents  pose  similar  problems  to  those  of  fixed  haz- 
ardous facilities.  Recently  constructed  state  Route  6S9,  a two-lane  multi- 
purpose highway,  passes  within  360  feet*  of  the  proposed  site.  The  Virgin- 
ias Branch  of  the  Norfolk  and  Western  railroad  lies  approximately  1200  feet 
east  of  the  site.  At  the  present  time  there  is  no  information  available 

♦Conservatively  estimated  for  accident  calculations. 
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concerning  the  nature,  amounts,  and  frequency  of  movements  of  hazardous 
materials  along  these  routes.  The  Norfolk  and  Western  Railroad  records 
such  information  by  sector;  that  is,  information  may  be  oktained  not  for 
a single  route,  but  only  for  a number  of  routes  within  a specific  area. 

Thus  it  is  only  possible  to  secure  information  for  the  two  routes  alone  the 
New  River  (Bluefield  and  Princeton,  West  Virginia  to  Radford,  Blacksburg, 
and  Christiansburg , Virginia)  but  not  the  individual  tracks  (Ref.  2.0-19). 

The  evaluation  of  accidents  occurring  along  these  routes  follows  the 
procedure  outlined  in  the  Nuclear  Regulatory  Commission’s  Regulatory  Guide 
1.91  (Ref.  2.0-18).  It  is  conservatively  assumed  that  the  major  accident 
along  the  railroad  would  be  the  detonation  of  a 3-boxcar  load  of  TNT  and  the 
major  accident  along  the  road  would  be  1/4  truckload*.  These  accidents 
result  in  a peak  positive  normal  reflected  pressure  of  approximately  ten 
(10)  pounds  per  square  inch  (psi) . Until  such  time  as  more  detailed  and 
more  reliable  information  is  available,  the  tentative  value  of  ten  pounds 
per  square  inch  (10  psi)  should  be  considered  in  the  design  of  safety- 
related  structures  for  the  purposes  of  this  study. 

Based  on  a preliminary  review  of  available  data,  impingement  of  the 
containment  or  other  by  safety-related  structures  by  aircraft  is  unlikely 
at  the  proposed  site.  Based  upon  the  data  and  probabilities  of  occurrence 
presented  in  WASH  1400,  it  is  unnecessary  to  design  for  such  accidents 
where  airports  are  at  a distance  of  at  least  five  miles  and  the  approach  or 
take-off  patterns  do  no  encompass  the  air  corridor  above  the  site.  Table 
2.3-8  presents  a summary  of  airport  characteristics  within  fifty  miles  of 
the  proposed  site. 

‘Discussion  with  D0D  indicate  that  RA.AP  does  not  ship  munitions  via  Route 
659.  The  1/4  truckload  (10,750  lbs.)  Is  the  approximate  allowable  net 
weight  carried  by  an  eighteen-foot  truck.  For  additional  information 
refer  to  Appendix  9. 
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Blacksburg 

6 ENE 

35 

486 

Dublin  - New  River 

Valley 

10  WSW 

13 

340 

Galax 

48  SSW 

5 

40 

Marion  - Wytheville 

Mountain  Empire 

50  SSW 

17 

120 

Roanoke 

35  ENE 

108 

1490 

Bluefield,  W.  Va. 

40  WNW 

25 

100 

Although  the  Blacksburg  Airport  is  reasonably  close  to  the  site,  there 
should  be  no  problem  with  possible  accidents  since  aircraft  land  and  take- 
off in  a northwest  to  southeast  direction. 
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2.3.2  Meteorology 

2._.2.1  Data  Sources.  The  meteorological  data  presented  in  this  sec- 
tion is  collected  from  a number  of  first  order  and  cooperative  weather 
stations  in  the  Southwestern  Mountain  climatological  region  of  Virginia. 
Several  topical  areas  are  in  need  of  more  extensive  study  and  more  reliable 
data  in  order  to  satisfy  PSAR  and  ER  requirements.  The  most  notable  de- 
ficiency is  the  lack  of  on-site  data.  A minimum  of  one  year  of  site- 
specific  data  is  required  to  provide  acceptable  diffusion  calculations. 

It  is  recommended  that  a sixty-meter  meteorological  tower,  equipped  with 
wind- temperature-  and  humidity-measuring  instrumentation,  be  installed 
nearby  or  at  the  site  at  the  earliest  date  possible  so  that  monitoring  and 
analyses  can  be  initiated.  Other  deficiencies  include  the  lack  of  hail 
and  freezing  precipitation  frequencies;*  the  100-year  return  period  for 
snow  and  ice  storms;*  and  specific  data  for  the  ultimate  heat  sink. 

Table  2.3-9  presents  a summary  of  those  weather  stations  contributing 
data  for  use  in  this  section. 

2. 3. 2. 2 Site  Area  Climatology 

(a)  General  Circulation.  The  Radford  area  lies  in  the  Southwestern 
Mountain  climatological  region  of  Virginia.  The  area  is  characterized  by 
irregular  terrain  and  significant  variations  in  climatological  conditions. 
The  variations  are  primarily  the  result  of  local  orographic  effects  which 
influence  the  airflow,  temperatures,  and  humidities.  The  general  climate 
of  the  region  is  one  of  mild  temperatures  and  well-distributed  year-round 
precipitation.  Seasons  are  distinct,  ranging  from  moderately  cold  winters 

* These  items  would  require  a review  of  daily  weather  records  (over  a 
historical  5 year  period)  from  the  nearest  first  order  meteorological 
station. 
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with  occasional  snow  falls  to  very  warm  and  humid  summers.  The  regional 
airflow  is  predominantly  southerly  except  during  the  winter  when  northerly 
and  westerly  winds  prevail.  The  principal  moisture  source  for  the  region 
is  the  Gulf  of  Mexico;  Atlantic  Ocean  influences  are  seldom  experienced 
because  of  the  nature  of  the  general  circulation. 

Winter  temperatures  are  moderate  except  in  the  higher  elevations  where 
harsh  conditions  can  occur.  The  region  lies  near  the  mean  track  for  winter 
storms  and  therefore  experiences  frequent  weather  variations  at  that  time 
of  year.  Storms  are  sometimes  accompanied  by  strong  winds  and  heavy  pre- 
cipitation, especially  in  mountainous  areas.  Topography  tends  to  modify 
storms  by  "steering". 

Summers  are  very  warm  and  humid  due  to  the  prevailing  southerly  air- 
flow from  the  Gulf  of  Mexico.  The  airflow  is  caused  by  the  semi-stationary 
Atlantic  high  pressure  center  which  generates  a large  pattern  of  clockwise 
air  circulation.  Storm  centers  move  across  the  country  less  frequently 
during  the  summer  months  and  are  usually  too  far  north  to  have  a signifi- 
cant effect  on  southwestern  Virginia. 

Autumn  and  spring  are  transitional  periods  which  produce  gradual 
changeover s from  summer  to  winter  and  vice  versa. 

Several  factors  affect  wind  speed  and  direction  in  the  Southwestern 
Mountain  region  of  Virginia.  These  include  the  steering  effects  due  to 
mountainous  topography,  semi-permanent  pressure  systems,  and  the  effects 
of  migrating  storms.  Table  2.3-10  presents  the  mean  wind  velocities  and 
directions  for  two  selected  locations  in  the  region.  The  dominant  summer- 
time feature  is  the  Atlantic  high  pressure  system  which  causes  southerly 
wind  acorss  eastern  United  States.  During  the  winter  months,  northerly 


winds  are  more  common  because  of  the  continental  high  pressure  system. 

Year  round  wind  speeds  average  about  8 miles  per  hour;  winds  during  the 
winter  months  are  slightly  stronger.  Wind  speed  and  direction  can  vary 
significantly  between  nearby  locations  due  to  topographic  features.  Table 

2.3- 10  presents  a summary  of  wind  speeds  and  directions  for  two  locations  ap- 
proximately fifty-five  miles  apart. 

A wide  range  of  temperatures  have  been  recorded  for  the  region.  Ex- 
treme temperatures  have  ranged  from  a high  of  103°F  at  Bedford  City  to  a 
low  of  -27°F  at  Blacksburg  and  Burkes  Garden.  Also,  pronounced  variations 
in  temperature  have  occurred  from  year  to  year.  Diurnal  temperature  ranges 
are  highest  during  the  summer  when  they  exceed  20°F  at  most  locations 
(Table  2.3-11).  Table  2.3-12  presents  the  temperature  normals  for  Roanoke 
and  Lynchburg  for  the  period  of  record  1941-1970.  The  mean  number  of  days 
with  freezing  temperatures  will  also  vary  across  the  region  due  primarily 
to  topography.  The  mean  dates  with  the  last  freezing  temperature  in  the 
Spring  range  from  late  April  to  Mid-May;  the  mean  dates  with  the  earliest 
freezing  temperature  in  autumn  range  from  late  September  to  late  October. 

The  mean  freez  -free  period  in  the  area  ranges  from  about  125  to  210  days. 
Freeze  data  are  shown  on  Table  2.3-13. 

Monthly  and  diurnal  relative  humidity  data  are  presented  in  Table 

2.3- 14.  Humdities  are  considerably  higher  during  the  summer  months  when 
the  warm  moist  airflow  from  the  Gulf  of  Mexico  is  commonly  experienced. 
Diurnal  variations  range  from  about  20%  in  the  winter  to  30%  during  the 
summer  months. 

In  the  Southwestern  Mountain  Area,  precipitation  amounts  vary  between 
locations  mainly  because  of  differences  in  topographic  exposure.  Precipita- 
tion occurs  as  rain,  snow,  and  freezing  precipitation.  The  year  round  dis- 
tribution is  fairly  uniform  as  can  be  seen  from  Table  2.3-15;  however,  most 
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locations  experience  somewhat  greater  amounts  during  the  summer  months  dje 
to  a relatively  high  frequency  of  convective  showers  (mostly  from  thunder- 
storms) . Winter  precipitation  is  more  commonly  the  steady  type  and  usually 
occurs  with  fronts  and  storm  systems.  Extreme  amounts  of  precipitation  have 
occurred  during  all  seasons  of  the  year  and  are  described  in  Section  2. 3. 2. 3. 
Snowfall  amounts  vary  from  year  to  year.  Mean  amounts  as  observed  by  re- 
cording locations  in  the  region  have  ranged  from  about  16  to  25  inches  per 
year.  Snow  has  been  observed  during  the  months  of  October  through  May,  but 
approximately  one  half  of  the  annual  snowfall  occurs  during  January  and 
February.  Table  2.3-16  shows  the  monthly  snowfall  amounts  as  reported  by 
selected  reporting  stations. 

2. 3. 2. 3 Weather  Extremes 

Heavy  precipitation  has  occured  across  the  southwestern  Mountain  Re- 
gion in  the  form  of  heavy  rain  showers  and  snowstorms.  Rain  showers  occur 
as  summertime  convective  activity  or  as  storms  of  tropical  origin.  Heavy 
snows  result  from  moisture-laden  storms  tracking  northerly  from  the  Gulf 
region  during  winter  months. 

Record  amounts  of  precipitation  for  Virginia  have  occurred  in  or  near 
the  Southwestern  Mountain  Region.  One  area  in  Nelson  County  reported  a 24- 
hoUr  rainfall  total  of  27  inches.  This  unusually  large  amount  of  rainfall 
occurred  with  the  remnant  of  hurricane  Camille  as  she  tracked  easterly 
across  the  state.  The  greatest  amount  of  precipitation  recorded  at  Roanoke 
for  one  month  and  one  year  is  16.71  inches  and  58.79  inches,  respectively. 
The  maximum  snowfall  totals  recorded  at  the  same  location  are  17.4  inches 
for  a 24-hour  period  and  41.2  inches  for  a single  month.  Maximum  24-hour 
precipitation  amounts  for  selected  locations  in  Southwestern  Virginia  are 
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presented  in  Table  2.3-17.  The  maximum  24-hour  precipitation  recorded  at 
Radford  City  for  a 44-year  period  of  record  is  9.51  inches.  Return  periods 
for  precipitation  in  the  vicinity  of  the  proposed  site  is  presented  in 
Table  2.3-18. 

Table  2.3-19  presents  the  fastest  mile  wind  speeds  as  observed  at 
Roanoke  and  Lynchburg,  Virginia.  Extreme  winds  are  most  likely  to  occur 
from  strong  extratropical  cyclones,  hurricanes,  thunderstorms  or  tornadoes. 
Extra tropical  cyclones  are  experienced  throughout  the  year,  but  severe 
winds  resulting  from  these  storms  are  likely  to  occur  during  the  winter 
months  when  strong  temperature  and  pressure  gradients  surround  the  storm 
centers.  Severe  winds  from  hurricanes  are  possible  but  do  not  usually  oc- 
cur as  far  inland  as  the  proposed  site  area.  However,  local  thunderstorms 
characteristically  produce  gusty  winds  and  are  responsible  for  most  of  the 
strong  winds  which  occur  in  the  region  during  the  summer  months.  For  design 
purposes,  the  fastest  mile  wind  at  30  ft.  will  be  assumed  to  be  130  mph 
(Ref.  2.0-5). 

The  most  severe  winds  generally  occur  with  tornadoes,  as  described  in 
Section  2. 3. 2. 6.  Table  2.3-20  presents  the  return  periods  for  the  fastest 
mile  winds  for  the  study  region.  These  figures  do  not  include  tornado  oc- 
currances  but  do  include  severe  thunderstorms. 

Thunderstorms  occur  frequently  over  the  Southwest  Mountain  Region  of 
Virginia.  Storms  have  occurred  at  all  times  of  the  year  but  are  most  com- 
mon during  the  summer  monthds  of  maximum  surface  heating  and  instability. 
They  may  occur  as  "Air  Mass"  thunderstorms  (a  result  of  locally  unstable 
conditions)  or  they  may  occur  in  association  with  moving  frontal  systems  as 
line  squalls.  The  latter  conditions  usually  produces  the  most  severe 


storms  with  violent  winds,  heavy  rains,  and  hail.  Table  2.3-21  presents 
the  mean  number  of  days  per  month  for  the  occurrance  of  thunderstorms  at 
Roanoke  and  Lynchburg. 

Storms  of  tropical  origin  occasionally  reach  southwestern  Virginia. 
Most  often,  they  will  have  dropped  to  below  hurricane  intensity  since  tro- 
pical storms  rapidly  lose  energy  while  traversing  landmasses.  Therefore, 
serious  wind  damage  from  a tropical  storm  in  this  region  is  unlikely.  The 
major  adverse  effect  from  a tropical  storm  is  likely  to  be  from  heavy  de- 
posits of  rain  which  can  cause  flooding  in  the  low  lying  areas.  The  most 
memorable  example  was  hurricane  "Camille"  which  produced  record  breaking 
rainfall,  caused  widespread  flooding,  and  caused  earthslides  in  the  moun- 
tains. Nearly  all  tropical  storms  occur  during  the  period  of  June  through 
October. 

2. 3. 2. 4 Local  Meteorology.  Very  little  site-specific  meteorological 
data  are  available  for  the  Radford  area.  The  cooperative  meteorological 
station  at  Radford  records  only  daily  precipitation  values.  The  nearest 
U.S.  Department  of  Commerce  first  order  meteorological  facility  is  located 
at  Roanoke,  30  miles  east-northeast  of  the  proposed  site.  Because  of  the 
complexity  of  local  effects  in  mountainous  areas,  meteorological  data,  re- 
corded at  Roanoke  should  be  used  with  caution  and  only  for  the  purpose  of 
defining  regional  climatic  conditions.  Actual  site  conditions,  especially 
winds  and  stabilities,  cannot  be  adequately  determined  from  the  existing 
data.  The  brief  descriptions  which  follow  are  provided  only  as  estimates 
of  local  conditions  based  on  the  evaluation  of  regional  data. 

The  prevailing  winds  at  the  site  are  generally  southerly  during  the 
summer  months  and  northerly  to  westerly  during  the  winter  season.  Average 
wind  speeds  are  within  7 to  10  mph  with  the  higher  velocities  occurring 
during  winter  and  spring.  Winds  at  the  proposed  site  will  be  influenced 


2-69 


to  some  extent  by  channeling  effects  due  to  the  terrain.  Also,  slightly 
higher  wind  speeds  can  be  expected  to  occur  at  the  site  due  to  its  higher 
elevation  than  the  surrounding  area.  This  is  generally  believed  to  be  a 
favorable  site  characteristic  during  ambient  conditions. 

Temperatures  in  the  vicinity  of  the  site  will  generally  be  mild  during 
the  winter  months  and  warm  - sometimes  hot  - and  humid  in  the  summertime. 
Frequent  changes  in  air  masses,  especially  during  the  winter,  can  produce 
sharp  variations  from  day  to  day  and  also  from  year  to  year.  Summertime 
high  temperatures  will  usually  average  in  the  mid-eighties,*  winter  low 
temperatures  in  the  upper- twenties. 

Humidities  are  frequently  high,  especially  in  the  morning  hours  when 
fog  is  often  observed.  Low-lying  areas  along  rivers  are  particularly  con- 
ducive to  fog  conditions.  Early  morning  humidities  in  the  vicinity  of  the 
site  can  be  expected  to  approach  90%  during  the  summer  and  about  70%  during 
the  winter. 

Precipitation  in  the  site  area  has  varied  considerably  from  year  to 
year.  Monthly  precipitation  recorded  at  Radford  for  a 10-year  period  are 
shown  in  Table  2.3-22.  The  highest  monthly  amount  observed  during  the 
period  (7.73  inches)  occurred  in  May,  1971;  the  lowest  monthly  amount  (0.28 
inches)  occurred  in  June,  1966.  Annual  precipitation  totals  range  from 
less  than  30.0  inches  to  nearly  50  inches.  The  average  annual  snowfall  for 
the  site  area  is  approximately  28  inches.  Snow  has  been  observed  during 
the  months  October  through  April. 

An  estimate  of  the  average  seaspnal  mixing  heights  at  the  proposed  site 
can  be  estimated  by  comparing  the  averages  for  Huntington,  West  Virginia 
and  Greensboro,  North  Carolina  presented  in  Table  2.3-23.  Mixing  heights 


in  the  table  are  based  on  "adjusted"  data;  the  computational  method  used  to 
determine  the  mixing  heights  is  modified  to  account  for  the  higher  mixing 
depths  experienced  during  precipitation  periods. 

As  could  be  expected,  the  morning  mixing  heights  are  considerably 
lower  due  to  the  effects  of  lower  solar  radiation;  however,  the  unusually 
large  mean  diurnal  variation  is  noteworthy.  The  site  lies  in  an  area  where 
morning  mixing  heights  are  among  the  lowest  in  the  eastern  half  of  the 
United  States  and  the  afternoon  mixing  heights  are  among  the  highest.  A 
major  reason  for  the  large  diurnal  variation  is  the  absence  of  tempering 
maritime  influences  (such  as  the  Atlantic  Ocean,  Gulf  of  Mexico,  and  the 
Great  Lakes) . The  mixing  height  variations  are  also  typical  of  land-locked 
areas  in  the  western  United  States. 

Atmospheric  stability  classifications  are  defined  according  to  Pasquill 
(Table  2.3-24).  A relative  frequency  distribution  of  wind  directions  by 
stability  class  is  presented  for  Roanoke,  Virginia  in  Table  2.3-25.  As  can 
be  determined  from  this  table,  neutral  or  stable  conditions  occur  at  Roanoke 
more  than  80%  of  the  time.  The  highest  frequency  wind  directions  occurring 
during  conditions  of  neutral  and  stable  conditions  are  from  northerly  and 
westerly  directions.  This  is  significant  from  the  standpoint  of  site  loca- 
tion since  a site  located  east  and  south  of  the  nearest  population  center 
or  the  nearest  dairy  farm  would  be  least  likely  to  disperse  airborne  radio- 
activity to  these  areas. 

2. 3. 2. 5 Fogging  Conditions.  Fog  occurs  frequently  in  the  Southwest- 
ern Mountain  Region  of  Virginia.  Heavy  fog,  defined  as  fog  which  reduces 
visibility  to  1/4-mile  or  less,  has  been  reported  on  an  average  of  25  times 
per  year  at  Roanoke  and  40  times  per  year  at  Lynchburg.  The  highest  fre- 
quencies of  occurrance  can  be  expected  in  river  valleys  and  along  low  lying 


areas.  Fog  occurs  at  all  times  of  the  year  but  more  frequently  during  win- 
ter and  autumn.  Winter  heavy  fogging  conditions  have  the  potential  of  pro- 
ducing ground  level  icing,  a phenomenon  which  could  cause  hazardous  condi- 
tions. Some  additional  fogging  can  probably  be  assumed  to  occur  as  a re- 
sult of  using  mechanical  draft  wet  towers.  Early  morning  humidities  along 
with  the  proximity  of  the  site  to  the  New  River  present  a conducive  environ- 
ment for  natural  fog.  The  addition  of  cooling  towers  may  add  to  this 
condition. 

2. 3. 2. 6 Tornadoes.  Probably  the  most  devastating  storms  known  to  man 
are  tornadoes.  They  have  occurred  in  all  areas  of  the  contiguous  United 
States,  especially  in  the  midwest  and  southwest.  Most  often,  tornadoes  are 
accompanied  by  violent  thunderstorm  activity  and  line  squalls.  The  South- 
west Mountain  area  of  Virginia  has  not  experienced  as  many  tornadoes  when 
compared  to  other  areas  east  of  the  Continental  Divide.  Less  than  25  have 
occurred  per  15,000  square  miles  over  a 40-year  period  of  record  for  this 
area.  Based  on  these  data,  there  is  a 63%  chance  of  a tornado  touching  the 
ground  somewhere  within  a 15,000  square  mile  area  in  Southwestern 
Virginia. 

The  geometric  probability  of  a tornado  striking  a point  in  the  vicinity 
of  the  site  is  given  by  the  relationship: 

P = ZT 
S A 

where 

Ps  = moan  annual  probability  of  a tornado  strike 

7,  - average  tornado  path  area 

T « mean  number  of  tornadoes  occurring  with  area'  "A"  per  year. 
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2 

The  average  path  area  of  a tornado  is  assumed  to  be  0.51  mi  . The  re- 
sulting probability  (P)  for  a tornado  to  occur  at  a point  near  the  site  in 

any  given  year  is  2.125  10  ^ (mean  recurrence  interval  of  47,059  years) 

4 2 

based  on  a 40  year  record  of  25  tornadoes  in  a 1.5  x 10  mi  area. 

Following  the  procedures  outlined  in  Regulatory  Guide  1.76  "Design 
Basis  Tornado  for  Nuclear  Power  Plants"  the  regionalized  assessment  ap- 
proach (Ref.  2.0-20)  identifies  the  site  in  Region  I as  shown  in  Figure  1 
of  Wash.  1361  (Ref.  2.0-5).  The  corresponding  design  basis  tornado  char- 
acteristics are: 


V = 3*>0  mph 
max 

Vrofc  = 290  mph 

V 

trans 

max  =70  mph 

min  = 5 mph 

Radius  of 

V =150  ft 

rot  max 

Pressure  drop  = 3.0  psi 
dP/dt  = 2.0  psi/sec. 

2. 3. 2. 7 Air  Pollution  Potential.  The  State  of  Virginia  Air  Pollution 
Control  Board  has  adopted  the  National  Ambient  Air  Quality  Standards  as 
prescribed  by  the  1970  Amendments  to  the  Clean  Air  Act.  These  standards  are 
shown  in  Table  2.3-26.  Primary  ambient  air  quality  standards  define  levels 
of  air  quality  which  are  deemed  necessary,  allowing  an  adequate  margin  of 
safety,  to  protect  the  public  health.  Secondary  standards  define  the  levels 
of  air  quality  deemed  necessary  to  protect  the  public  welfare. 
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TABLE  2.3-9:  SOUTHWESTERN  VIRGINIA  WEATHER  STATIONS 


Name 

Type* 

Distance  From 

Blacksburg 

Cooperative 

7 mi.  ENE 

Floyd 

Cooperative 

27  mi . SE 

Rocky  Knob 

Coop'erative 

30  mi.  SSE 

Roanoke 

First  order 

27  mi.  ENE 

Lynchburg 

First  order 

90  mi.  ENE 

Meadows 

Cooperative 

38  mi.  SSE 

Pulaski 

Cooperative 

16  mi.  SW 

Glen  Lyn 

Cooperative 

23  mi.  NW 

Bedford 

Cooperative 

64  mi.  ENE 

Wytheville 

Cooperative 

40  mi.  SW 

Burks  Garden 

Cooperative 

54  mi.  WSW 

* Cooperative  stations  furnish  data  consisting  of  daily  maximum  and  mini- 
mum temperatures  along  with  daily  percipitation.  First  order  stations 
are  staffed  with  National  Weather  Service  personnel.  Stations  are  equip- 
ped with  recording  rain  gauges,  anemometers,  hygrothermographs , as  well 
as  supplemental  equipment  similar  to  cooperative  stations.  In  addition, 
data  is  presented  on  an  hourly  basis  supplemented  by  significant  weather 
events. 


2-74 


TABLE  2.3-10:  MEAN  WIND  SPEEDS  AND  PREVAILING  DIRECTIONS 

AT  ROANOKE  AND  LYNCHBURG  IN  MPH* 


Roanoke,  Va. 

Wind  Speed  Wind  Direction 

Lynchburg,  Va. 

Wind  Speed  Wind  Direction 

Month 

(1949-1973) 

(1959-1973) 

(1954-1973) 

(1965-1973) 

January 

9.8 

NNW 

8.8 

SW 

February 

10.4 

SE 

9.0 

SW 

March 

10.6 

WNW 

9.4 

SW 

April 

10.1 

SE 

9.4 

SW 

May 

8.2 

SE 

8.0 

SW 

June 

7.0 

SE 

7.1 

SW 

July 

6. 6 

W 

6.8 

SW 

August 

6.3 

SE 

6.4 

N 

September 

6.1 

SE 

7.2 

N 

October 

7.0 

SE 

7.5 

N 

November 

8.8 

NW 

8.1 

SW 

December 

9.2 

SE 

8.0 

SW 

Annual 

8.3 

SE 

8.0 

SW 

♦Source:  U.S.  Department  of  Commerce,  1973,  Local  Climatological  Data 

Summaries,  National  Oceanic  and  Atmospheric  Administration, 
Environmental  Data  Service. 
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TABLE  2.3-11:  DIURNAL  TEMPERATURES  FOR  LYNCHBURG  AND  ROANOKE  (F°) 


Roanoke 
Mean  Daily 
Maximum 

(1941  - 1970) 
Mean  Daily 
Minimum 

Lynchburg 
Mean  Daily 
Maximum 

(1941  - 1970) 
Mean  Daily 
Minimum 

Month 

January 

45.6 

27.2 

45.8 

27.3 

February 

47.9 

28.3 

47.8 

28.3 

March 

56.3 

34.3 

56.2 

34.8 

April 

67.9 

43.9 

68.1 

45.0 

May 

76.1 

52.7 

76.6 

53.7 

June 

83.0 

60.4 

83.5 

61.6 

July 

85.9 

64.4 

86.1 

65.5 

August 

84.9 

63.3 

84.5 

64.3 

September 

79.5 

56.5 

78.7 

57.5 

October 

69.9 

45.6. 

69.0 

47.0 

November 

57.6 

35.8 

57.3 

36.7 

December 

46.6 

28.1 

46.9 

28.7 

Annual 

66.8 

45.0 

66.7 

45.9 

Source:  U.S.  Department  of  Commerce,  Local  Climatological  Data  Summaries, 

National  Oceanic  and  Atmospheric  Administration,  Environmental 
Data  Service. 


TABLE  2.3-12:  HIGHEST  AND  LOWEST  RECORDED  TEMPERATURES 

AT  SELECTED  LOCATIONS* 


Bedford  City 
(H)  - (L) 

Blacksburg 
<H)  - (L) 

Max  Meadows 
(H)  - (L) 

Wytheville 
(H)  - (L) 

Years  of  Record 

13 

39 

21 

28 

Month 

January 

68 

-6 

75 

-16 

75 

-11 

72 

-8 

Februay 

73 

-6 

79 

-12 

69 

-12 

73 

-6 

March 

89 

10 

85 

-2 

81 

2 

84 

3 

April 

90 

23 

89 

15 

87 

19 

89 

14 

May 

98 

34 

91 

26 

96 

26 

88 

28 

June 

102 

45 

99 

33 

96 

34 

94 

36 

July 

103 

51 

100 

34 

94 

45 

96 

43 

August 

100 

38 

98 

35 

94 

45 

93 

43 

September 

100 

30 

78 

28 

93 

25 

93 

34 

October 

91 

28 

86 

14 

85 

17 

84 

18 

November 

82 

14 

79 

-1 

77 

2 

78 

0 

December 

70 

4 

73 

-27  . 

70 

-12 

71 

-7 

Max. /Min. 

103 

-6 

100 

-27 

96 

-12 

96 

-8 

‘Source:  U.S.  Weather  Bureau,  1930,  Climatic  Summaries  of  the  United  States, 
Sect.  94,  So.  Virginia. 

: U.S.  Department  of  Commerce,  1973,  Local  Climatological  Data  Sum- 
maries, National  Oceanic  and  Atmospheric  Administration,  Environ- 
mental Data  Service. 
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TABLE  2.3-13: 


FREEZE  DATA  FOR  SELECTED  LOCATIONS 
*(1940-1970) 


Average  Dates  of 
Occurrence  in 
Sprina  of: 

Average  Dates  of 
Occurrence  in 
Fall  of: 

Average 
length  of 
freete-free 
period  (d?\ys 

32°F 

24°F 

16°F 

32 

^F 

24°F 

V 

Blacksburg 

Apr  30 

Apr  3 

Mar 

3 

Oct 

8 

Nov  3 

Nov 

26 

161 

Burkes  Garden 

May  15 

Apr  19 

Mar 

17 

Sep 

27 

Oct  17 

Nov 

12 

135 

Floyd 

May  4 

Apr  3 

Mar 

13 

Oct 

6 

Nov  2 

Nov 

22 

155 

Pulaski 

Apr  25 

Mar  30 

Mar 

6 

Oct 

9 

Nov  2 

Nov 

28 

167 

Pocky  Knob 

Apr  24 

Apr  2 

Mar 

8 

Oct 

23 

Nov  7 

Nov 

28 

182 

* or  that  portion  of  this  period  for  which  data  are  available. 

Source:  Water  Information  Center,  Inc.,  1974,  Climates  of  the  States. 
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TABLE  2.3-14:  MONTHLY  AND  DIURNAL  RELATIVE  HUMIDITY  MEANS  (%) 


U.S.  Dept,  of  Commerce,  1973,  Local  Climatological  Data  Summaries  (Roanoke,  Va.  and  Lynchburg, 
Va.)  National  Oceanic  and  Atmospheric  Administration,  Environmental  Data  Service. 


TABLE  2.3-15:  PRECIPITATION  NORMALS  (inches) 

FOR  SELECTED  LOCATIONS  (1941-1970) 


Radford 

Floyd 

Burkes  Garden 

Wytheville 

Roanoke 

January 

2.60 

2.84 

3.32 

2.63 

2.74 

February 

2.67 

3.24 

3.48 

2.75 

3.09 

March 

3.26 

3.55 

4.06 

3.29 

3.33 

April 

2.77 

3.41 

3.32 

2.89 

2.80 

May 

3.21 

3.82 

3.76 

3.51 

3.47 

June 

3.10 

3.98 

3.83 

3.08 

3.51 

July 

4.16 

4.81 

4.78 

4.48 

3.74 

August 

3.42 

3.85 

3.90 

3.84 

4.15 

September 

2.88 

4.36 

3.11 

3.01 

3.42 

October 

2.36 

3.14 

2.39 

2.40 

3.19 

November 

2.25 

2.76 

3.03 

2.34 

2.48 

December 

2.81 

3.34 

3.44 

2.75 

3.11 

Annual 

35.49 

43.10 

42.42 

36.97 

39.03 

Source:  U.S.  Dept,  of  Commerce,  1974,  Climatological  Data,  Virginia, 

National  Oceanic  and  Atmospheric  Administration,  Environmental 
Data  Service. 

U.S.  Dept,  of  Commerce,  1973,  Local  Climatological  Data  Summary, 
Roanoke,  Va.  National  Oceanic  and  Atmospheric  Administration, 
Environmental  Data  Service. 
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TABLE  2.3-16:  MEAN  SNOWFALL  AMOUNTS  (inches) 


FOR  SELECTED  LOCATIONS 


Bedford 

City 

Blacksburg 

Brukes 

Garden 

Glen 

Lyn 

Radford 

Wytheville 

Years : 

(27) 

(38) 

(35) 

(16) 

(18) 

(28) 

January 

6.  , 

7.4 

7.0 

6.3 

8.1 

7.2 

February 

5.3 

5.4 

6.0 

3.4 

4.6 

5.2 

March 

2.3 

3.5 

5.7 

2.8 

4.0 

3.5 

April 

0.2 

0.8 

1.8 

0.8 

0.7 

0.4 

May 

- 

Trace 

0.1 

- 

- 

Trace 

June-Sept. 

- 

- 

- 

- 

- 

- 

October 

- 

0.1 

0.8 

0.3 

0.1 

0.3 

November 

0.2 

1.2 

2.1 

0.5 

0.6 

1.5 

December 

2.4 

4.3 

4.9 

4.3 

4.7 

5.1 

Annual 

16.4 

22.7 

28.4 

18.4 

22.8 

23.2 

Source:  U.S. 

Weather 

Bureau,  1930, 

Climatic 

Summaries 

of  the 

United 

States,  Section  94  - Souther  Virginia. 


2-81 


TABLE  2.3-17:  MAXIMUM  24-HOUR  PRECIPITATION  AMOUNTS  (inches) 


Years  of  record: 
January 
February 
March 
April 
May 

Jur.e  i 

July 

August 

September 

October 

November 

December 

Maximum 

Source:  Jennings , A. 

States,  U. 


AT  SELECTED  LOCATIONS 


Buchanon,  Va.  Radford,  Va. 


Blacksburg,  Va. 


(48) 

(44) 

(57) 

2.40 

3.05 

1.90 

1.80 

3.20 

2.52 

3.90 

2.33 

2.05 

2.42 

3.03 

2.01 

5.10 

2.72 

2.51 

3.15 

5.30 

3.84 

2.90 

•4.18 

3.40 

4.86 

6.90 

4.48 

5.25 

9.51 

5.90 

5.68 

2.90 

3.16 

2.71 

3.68 

2.98 

2.40 

2.11 

2.27 

5.68 

9.51 

5.90 

, 1962,  Maximum  24-hour  Precipitaion  in  the  United 
5.  Heather  Bureau,  T.P.  #16. 


TABLE  2.3-18:  RETURN  PERIODS  FOR  PRECIPITATION  AMOUNTS  (inches) 


FOR  THE  AREA  IN  THE  VICINITY  OF  RADFORD,  VA. 


. 2-day 

4-day 

7 -day 

Return  Period 

Precipitation 

Precipitation 

Precipitation 

2 years 

3.5 

4.0 

5.0 

5 years 

4.2 

5.0 

6.0 

10  years 

4.9 

5.9 

7.0 

25  years 

5.8 

6.9 

7.8 

50  years 

6.8 

■7.5 

8.7 

100  years 

7.0 

8.0 

9.5 

Source:  Miller,  J.  F.,  1964,  Two  to  Ten  Day  Precipitation  for  Return 

Periods  of  2 to  100  years  in  the  Contiguous  United  States, 
U.S.  Weather  Bureau,  T.P.  #49. 
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TABLE  2.3-19: 


FASTEST  MILE  WINDS  (MPH) 


FOR  ROANOKE  AND  LYNCHBURG , VA. 


Roanoke , 
(1962 

, Virginia 
- 1973) 

Lynchburg, 

(1945 

r Virginia 
- 1973) 

Speed 

Direction 

Speed 

Direction 

Month 

January 

53 

300 

45 

270 

February 

40 

310 

50 

180 

March 

52 

320 

43 

180 

April 

58 

320 

43 

180 

May 

46 

360 

56 

360 

June 

46 

280 

56 

225 

July 

35 

180 

43 

315 

August 

37 

330 

46 

045 

September 

29 

310 

40 

045 

October 

35 

340 

41 

360 

November 

52 

340 

43 

315 

December 

40 

300 

45 

.135 

Maximum 

58 

320 

56 

360 

Source:  U.S.  Dept,  of  Commerce,  1973,  Local  Climatological  Data  Summaries 

(Roanoke,  Va.  and  Lynchburg,  Va.)  National  Oceanic  and  Atmospher- 
ic Administration,  Environmental  Data  Service. 
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TABLE  2.3-20:  RETURN  PERIOD  WINDS  (FASTEST  MILE) 


Source : 


IN  THE  SOUTHWEST  MOUNTAIN  REGION  OF  VIRGINIA 
(AFTER  THOM,  1968) 


RETURN  PERIOD 
(YEARS) 


MAXIMUM  WINDS 
(MPH) 


50 


80 


100 


90 


Thom,  H.C.S..  1968  "New  Distributions  of  Extreme  Winds  in  the 
U.S."  Journal  of  the  Structural  Division,  Proceedings  of  the 
American  Society  of  Civil  Engineers. 


TABLE  2.3-21:  MEAN  NUMBER  OF  DAYS  WITH  THUNDERSTORMS 

AT  SELEuiTD  LOCATIONS 


Month 

January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 


Roanoke,  Va.  Lynchburg,  Va. 

(1948  - 1973)  (1952  - 1973) 


Total  (per  year) 


38 


41 


Source:  U.S.  Dept,  of  Commerce,  1973,  Local  Climatic  Data  Summaries 

(Roanoke,  Va.  and  Lynchburg,  Va.)  National  Oceanic  and  Atmos- 
pheric Administration,  Environmental  Data  Services. 
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TABLE  2.3-22:  MONTHLY  PRECIPITATION  AMOUNTS  (inches) 


Source:  V.S.  Dept,  of  Commerce,  1965-1974,  Climatological  Data,  Annual  Summary  National  Oceanic 

Atmospheric  Administration,  Environmental  Data  Services. 


TABLE  2.3-23:  MEAN  SEASONAL  MIXING  HEIGHT  DATA 

FOR  HUNTINGTON,  WEST  VIRGINIA  AND  GREENSBORO,  NORTH  CAROLINA 

(1960  - 1964) 

Average  Mixing  Height  (meters) 

Season  Huntington,  W.  Va.  Greensboro,  N.C. 


Winter  (Dec. -Feb.) 

A.M.  634  480 

P.M.  1079  992 

Spring  (Mar. -May) 

A.M.  721  492 

P.M.  1986  1765 

Summer  ( Jun . -Aug. ) 

A.M.  338  445 

P.M.  1641  1710 

Autumn  ( Sep . -Nov . ) 

A.M.  403  343 

P.M.  1340  1334 


Annual 


A.M. 

524 

■ 440 

P.M. 

1511 

1450 

Source : 

Holzworth,  1972,  Mixing  Heights,  Wind  Speeds, 
Urban  Air  Pollution  throughout  the  Contiguous 
U.S.  Environmental  Protection  Agency. 

and  Potential  : 
United  States 
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TABLE  2.3-24:  DEFINITIONS  OF  PASQUILL  STABILITY  CLASSIFICATIONS 


Pasquill 

Classification 


Definition 


Temperature  Change 
With  Height  (°C/100  M) 


Extremely  unstable 


< -1.9 


B 

Unstable 

-1.9 

to 

-1.7 

C 

Slightly  unstable 

-1.7 

to 

-1.5 

D 

Neutral 

-1.5 

to 

-0.5 

E & F 

Slightly  stable  to 

Extremely  stable 

> - 

•0.5 
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TABLE  2.3-25:  RELATIVE  FREQUENCY  DISTRIBUTION  (%) 

OF  WIND  DIRECTION  AND  STABILITY  CLASS  AT 
ROANOKE,  VIRGINIA  (JAN.  1968  - DEC.  1972) 


Direction/ 


Stability  Class: 

A 

B 

C 

D 

E & F 

North 

0.04 

0.37 

0.88 

3.39 

3.38 

North-northeast 

0.01 

0.24 

0.52 

2.29 

1.79 

Northeast 

0.06 

0.21 

0.45 

1.47 

1.47 

East-northeast 

0.05 

0.24 

0.32 

0.91 

0.87 

East 

0.05 

0.31 

0.29 

1.21 

0.91 

East-southeast 

0.01 

0.39 

0.50 

2.50 

1.05 

Southeast 

0.04 

0.44 

0.98 

4.45 

1.42 

South-southeast 

0.07 

0.54 

0.95 

3.78 

1.17 

South 

0.11 

0.93 

1.84 

3.24 

2.08 

South-southwest 

0.08 

0.38 

0.39 

0.87 

1.00 

Southwest 

0.05 

0.47 

0.62 

1.39 

1.19 

West-southwest 

0.04 

0.53 

1.16 

2.99 

1.98 

West 

0.03 

0.49 

1.18 

4.44 

3.47 

West-northwest 

0.02 

0.36 

1.11 

7.05 

4.07 

Northwest 

0.01 

0.22 

0.75 

6.63 

3.60 

North-northwest 

0.01 

0.20 

0.55 

2.57 

2.55 

Calms 

0.17 

0.48 

0.41 

1.18 

3.47 

Total  (%) 

0.65 

6.31 

11.85 

49.17 

32.01 

Source:  U.S.  Dept,  of  Commerce,  1973,  "Wind  Distribution  by  Pasquill 

Stability  Class  (5)  Star  Program"  National  Climatic  Center, 
Asheville,  N.C. 


TABLE  2.3-26:  ‘VIRGINIA  AMBIENT  AIR  QUALITY  STANDARDS 


i 


(Selected  Pollutants) 


Pollutant 


Sulfur  Oxides 

Annual  Arithmetic  Mean 
24-hour  Concentration 

Suspended  Particulates 

Annual  Geometric  Mean 
24-hour  Concentration 

Nitrogen  Oxides 

Annual  Arithmetic  Mean 

Carbon  Monoxide 

8-hour  Concentration 
1-hour  Concentration 


Primary 

Standard 


0.03  ppm„ 
0.14  ppm 


75  ug/mjL 
260  ug/m 


0.05  ppm 


9.0  ppm., 
35.0  ppm" 


* Same  as  the  National  Standards 

# Not  to  be  exceeded  more  than  one  per  year 
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Secondary 

Standard 


3 

60  ug/m,„ 
150  ug/m 


0.05  ppm 


9.0  ppm 


Virginia  is  divided  into  7 Air  Quality  Control  Regions  (ACQR)  with  re- 
gional offices  and  directors.  The  proposed  site  is  situated  in  ACQ  Region 
II,  an  elongated  region  bordering  eastern  West  Virginia.  This  area  has 
relatively  few  monitoring  stations,  none  of  which  are  continous. 

Much  of  the  Montgomery-Pulaski  County  area  is  susceptible  to  inversion 
layers  in  the  fall.  This  phenomenon  causes  the  entrapment  of  not  only 
particulate  matter,  but  also  the  entrapment  of  gases  generated  by  automo- 
biles, manufacturing,  and  fossil  fueled  generating  plants. 

2.3.3  Hydrology 

2. 3. 3,1  Regional  Setting.  The  proposed  site  lies  within  the  Upper 
New  River  Basin  which  extends  from  Bluestone  Dam  near  Hinton,  West  Virginia, 
to  the  headwaters  of  the  North  and  South  Forks  of  the  New  River  in  western 
North  Carolina  near  Blowing  Rock.  The  New  River  Basin  is  part  of  the 
Kanawha  River  Basin  which  drains  approximately  12,200  square  miles  of  West 
Virginia,  Virginia,  and  North  Carolina.  It  is  bounded  by  the  basins  of  the 
James  and  Roanoke  River  to  the  east,  the  Big  Sandy  and  Tennessee  Rivers  on 
the  west,  and  the  Catawba  and  Yadkin  Rivers  to  the  South.  The  Kanawha 
River,  into  which  the  New  River  flows,  empties  into  the  Ohio  River  at  Point 
Pleasant,  West  Virginia. 

Of  the  4,634  square  miles  drainage  area  in  the  Upper  New  River  Basin 
above  Bluestone  Dam,  770  square  miles  are  in  North  Carolina, , 3,070  in 
Virginia,  and  794  in  West  Virginia.  From  its  headwaters  in  North  Carolina 
to  Bluestone  Dam,  the  New  River  has  a length  of  115  miles.  The  maximum 
width  of  the  Basin  is  70  miles  in  the  area  from  rural  Retreat,  Virginia,  to 
Floyd  County-Franklin  County  line  near  the  headwaters  of  Little  River 
(Ref.  2.0-16).  The  principal  cities  and  towns  along  the  course  of  the  New 
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River  are  Fries,  Radford,  Pearisburg,  and  Narrows,  Virginia,  and  Hinton, 

VIest  Virginia. 

The  proposed  site  is  located  on  the  east  bank  of  the  New  River  at  lat- 
itude 37°  10'57"N,  longitude  e0°31'06"W,  approximately  10  river  miles  down- 
stream of  the  City  of  Radford.  The  drainage  area  of  the  New  River  above 
the  site  is  approximately  3000  square  miles  with  riverbed  elevations  ranging 
from  1680  feet  at  the  site  to  about  3100  feet  near  the  headwaters.  Near 
the  proposed  site,  the  New  River  is  an  incised,  meandering  stream  with  a 
gentle  to  moderate  slope  of  approximately  3.6  feet  per  mile  below  Claytor 
Lake. 

From  North  Carolina  to  Bluestone  Dam  in  West  Virginia,  the  New  River 
flows  in  valleys  ranging  in  width  from  200  to  1000  feet.  Many  of  its  banks 
are  formed  by  very  steep  bluffs  and  all  of  the  side  slopes  of  surrounding 
hills  are  steep.  The  nature  of  the  surrounding  topography,  and  the  moderate 
to  steep  gradients  of  the  New  River  and  its  tributaries,  produce  fast  run- 
off and  high  velocities  in  much  of  the  River.  The  generally  rocky  bottoms 
and  differential  erosion  across  shale,  sandstone  and  carbonate  rocks,  com- 
bined with  fast  runoff  and  high  stream  velocity,  cause  a number  of  rapids 
and  waterfalls.  The  streambed  drops  approximately  990  feet  from  the  con- 
fluence of  the  North  and  South  forks  in  North  Carolina  to  Pearisburg, 
Virginia,  a distance  of  157  river  miles  for  an  average  stream  gradient  of 
6.3  feet  per  mile.  As  previously  cited,  the  gradient  in  the  vicinity  of 
the  proposed  site  is  approximately  3.6  feet  per  mile. 

The  topography  within  the  New  River  Drainage  Basin  is  generally  very 
rugged,  especially  along  the  upper  reaches  of  tributary  streams.  Much  of 
the  upper  New  River  Basin  falls  within  the  Valley  and  Ridge  geologic  pro- 
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vince;  an  area  of  relatively  high  mountains,  narrow  valleys,  and  occasional 
steep  ravines.  Some  flood  plains  and  level  land  are  found  in  the  valleys 
but  as  the  river  enters  West  Virginia  the  valleys  narrow  and  the  topography 
is  dominated  by  mountainous  topography  with  few  areas  of  level  land.  There 
are  a number  of  large  and  small  dams  within  the  Upper  New  River  Basin  which 
are  used  for  flood  control,  irrigation,  and  hydro-electric  power  genera- 
tion. With  respect  to  the  proposed  reactor  site,  the  most  important  of 
these  Dams  is  Clay tor,  located  approximately  15  river  miles  upstream.  This 
dam  was  completed  in  1940  for  the  purpose  of  providing  75  MW^  to  the  Ap- 
plachian  flectric  Power  Company.  The  dam  has  a structural  height  of  132 
feet,  a crest  of  1,150  feet,  a volume  content  of  250,000  cubic  yards,  and 
a reservoir  capacity  of  225,000  acre  feet.  Table  2.3-27  presents  a list  of 
other  dams  upstream  of  the  site  slong  with  their  owners  and  intended  use. 
Information  concerning  their  stored  volume  is  presently  unavailable.  How- 
ever, each  (escept  Clay tor  Lake)  is  believed  to  be  a small  impoundment  with 
no  major  significance  to  the  safety  of  the  proposed  site. 

2. 3. 3. 2 Local  Conditions.  At  the  present  time  very  little  data  has 
been  made  available  concerning  the  channel  and  flow  characteristics  of  the 
New  River  in  the  vicinity  of  the  Radford  Army  Ammunition  Plant.  Volume 
III  of  New  River  Basin  Comprehensive  Water  Resources  Plan  (Ref.  2.0-21) 
provides  much  of  the  available  hydrologic  data  for  the  New  River  with  re- 
gards to  low  flow  frequencies  and  average  discharges. 

Normal  channel  width  in  the  vicinity  of  RAAP  ranges  from  approxi- 
mately 540  feet  at  the  New  River  Bridge  to  270  feet  at  a point  1000  feet 
downstream  of  the  confluence  of  Stroubies  Creek  with  the  New  River . Chan- 
nel width  at  the  proposed  intake  structure,  located  on  the  south  bank  2200 
feet  downstream  of  Stroubies  Creek,  is  approximately  420  feet. 
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The  river  depth  during  normal  flow  conditions  can  only  be  inferred 
from  the  literature  and  from  site  visits.  The  presence  of  small  waterfalls 
and  rapids  along  that  portion  of  the  River  which  flows  through  RAAP,  to- 
gether with  observations  of  surface  turbui  .nee  caused  by  small  boulders, 
indicates  shallow  depths,  probably  in  the  range  of  two  to  five  feet.  There 
are  variations  in  the  water  levels  along  the  river  due  to  discharges  from 
Claytor  Dam.  Bottom  conditions  along  the  river  are  believed  to  be  rocky, 
consisting  of  intact  bedrock  and  small  boulders. 

Table  2.3-28  presents  the  1-day  and  7-day  low  flow  frequency  discharges 
as  adopted  in  Volume  III  of  the  New  River  Basin  Comprehensive  Water  Re- 
sources Plan.  The  flows  at  Radford  City,  Eggleston,  and  Glen  Lyn  are  based 
on  an  analysis  of  natural  and  modified  flows.  Natural  flows  are  those 
flows  not  affected  by  the  construction  of  Claytor  Dam  in  1939.  Modified 
conditions  came  into  existence  after  Claytor  Reservoir  began  operating  in 
August  1939,  The  methodology  of  analysis  used  in  arriving  at  these  values 
is  presented  in  the  aforementioned  reference. 

The  total  water  requirements  for  the  proposed  reactor  utilizing  wet 
mechanical  draft  cooling  towers  is  2200  gallons  per  minute  (GPM)  which 
is  equivalent  to  4.9  cubic  feet  per  second  (CFS),  Under  existing  guide- 
lines, the  maximum  allowable  water  withdrawal  allowable  is  in  the  range 
of  10  to  20  percent  of  the  7-day,  3.0  year  low  flow.  Within  this  range  the 
limiting  condition  is  the  biological  sensitivity  and  the  stenothermal  rang- 
es of  aquatic  organisms. 

Using  the  figure  of  950  CFS  (from  Table  2.3-28)  and  assuming  the  10 
percent  limiting  condition  for  the  New  River,  the  maximum  allowable  with- 
drawal would  be  95  CFS.  The  proposed  plant's  water  requirements  are  just 
slightly  above  5 percent  of  the  7-day,  10-year  low  flow. 


The  average  daily  discharge  for  the  New  River  at  Radford  (With  adjust- 
ments for  storage  in  Claytor  Lake)  over  a period  of  36  years  is  3,714  cubic 
feet  per  second.  The  historic  maximum  flow  of  218,000  CFS  occurred  during 
the  flood  of  August  14,  1940  (Ref.  2.0-22);  the  minimum  flow  occurred 
August  25  and  27,  1944  (165  CFS)  and  the  minimum  daily  flow  of  550  CFS 
occurred  August  22,  1911. 

Table  2.3-29  presents  a summary  of  discharges  at  Radford  for  the  water 
year  October  1,  1966  to  September  30,  1967.  The  average  monthly  tempera- 
tures (°F)  presented  are  those  recorded  at  Glen  Lyn,  Virginia.  The  lowest 
and  highest  water  temperatures  recorded  for  the  1966-1967  water  year  were 
taken  at  Stroubles  Creek,  immediately  adjacent  to  the  proposed  site.  The 
creek  has  its  head  waters  near  Blacksburg  and  drains  approximately  2~‘ 
square  miles  of  the  Upper  New  River  Basin.  The  7-day,  10-year  recurrence 
low  flow  can  be  estimated  by  multiplying  the  average  discharge  per  square 
mile  of  drainage  by  the  actual  drainage  area.  This  gives  a low  flow  of 

approximately  7.5  cubic  feet  per  second.  Using  the  average  monthly  dis- 
2 

charges  (in  CFS/  mi  ) from  Table  2.3-29,  discharges  of  Stroubles  Creek  to 

the  New  River  may  range  from  50.6  CFS  in  March  to  15.9  CFS  in  September. 

2 

Assuming  an  average  value  of  1.31  CFS/Mi  for  the  water  year  1966-1967, 
average  flows  in  Stroubles  Creek  would  be  30.1  cubic  feet  per  second. 

2. 3. 3. 3 Water  Quality.  For  the  most  part,  water  quality  sampling 
throughout  the  Upper  New  River  Basin  has  not  been  continuous -and  there  is 
a lack  of  detailed  data  concerning  the  tributaries  to  the  New  River.  Most 
information  consists  of  results  from  infrequent  sampling  over  short  periods 
of  time  at  scattered  locations  throughout  the  watershed.  Most  of  the  avail- 
able detailed  chemical  analyses  data  is  from  sampling  stations  along  the 
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main  stem  of  the  New  River.  At  various  intervals  during  the  past  forty 
or  so  years,  sampling  has  been  conducted  at  Galax,  Ivanhoe,  Allisonia,  Rad- 
ford City,  Eggleston,  and  Glen  Lyn.  However,  data  only  for  Galax  and  Glen 
Lyn  has  been  made  available  for  this  report.  Also,  the  Department  of  the 
Army  has  made  available  some  limited  data  concerning  water  quality  at  the 
Radford  Army  Ammunition  Plant. 

The  quality  of  water  at  Galax  can  be  described  as  being  siliceous  in 
nature,  soft,  and  with  a minor  degree  of  mineralization.  The  average  con- 
centrations of  silica,  sodium,  and  iron  are  greater  at  Galax  while  all 
other  constituents  studied  are  greater  at  Glen  Lyn.  The  average  concen- 
tration of  nitrates  at  Glen  Lyn  is  about  seven  times  that  of  the  average 
for  Galax,  largely  attributable  to  the  greater  industrialization  above 
Glen  Lyn  and  in  particular,  discharges  from  RAAP.  Although  the  nitrate 
concentration  above  Glen  Lyn  is  not  presently  a health  hazard,  if  certain 
other  constituents  are  introduced  during  warm  periods  of  high  solar  radia- 
tion (conducive  to  greater  photosynthetic  activity) , potentially  dangerous 
algal  blooms  in  reservoirs  and  streams  can  be  expected. 

Increased  mineralization  below  Galax  is  indicated  by  a significant  in- 
crease in  dissolved  solids  and  conductivity.  This  increase  can  generally 
be  attributed  to  an  increase  in  industrialization  and  geologic  factors. 

The  entire  basin  of  the  New  River  above  Ivanhoe  (21  river  miles  downstream 
from  Galax)  lies  in  an  area  of  crystalline  rocks  . hich  are  highly  siliceous. 
Below  ivanhoe,  the  New  River  and  its  tributaries  drain  areas  of  sedimentary 
rocks  - primarily  carbonates  (limestone  and  dolomite)  with  some  elastics. 
Table  2.3-30  presents  some  water  quality  data  for  selected  localities  along 
the  New  River. 
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With  a few  exceptions,  the  quality  of  surface  water  obtained  from 
various  sources  within  the  area  can  be  generally  described  as  good.  The 
upper  reaches  of  many  of  the  New  River's  tributaries  have  water  of  excel- 
lent quality.  Many  of  these  streams  have  less  than  5u  parts  per  million 
(ppm)  dissolved  solids  where  they  flow  across  terrain  underlain  by  crystal- 
line metamorphic  rocks.  Where  the  waters  flow  across  sedimentary  strata, 
the  dissolved  solids  increase  to  a range  of  50-  to  200  ppm,  and  in  areas 
underlain  by  carbonate  rocks  the  bicarbonate  content  of  the  water  increases, 
resulting  in  100-  to  200  ppm  of  calcium  carbonate  below  RAAP  (Ref.  2.0-23). 

One  of  the  problem  areas,  in  terms  of  water  quality,  is  Stroubles 
Creek  below  Blacksburg.  The  Virginia  Polytechnic  Institute-Blacksburg 
Sanitary  Authority  has  a secondary  waste  treatment  facility  discharging  in- 
to Stroubles  Creek.  The  treatment  plant  is  designed  to  serve  a population 
of  20,000.  However,  the  estimated  combined  population  of  Blacksburg  and 
V.P.l.  was  approximately  21,000  persons  in  1970.  Biotic  investigations  in 
Stroubles  Creek  (Ref.  2.0-12)  reveal  the  presence  of  a "pollution  tollerant" 
aquatic  fauna  suggesting  an  already  decadent  environment. 

2. 3. 3. 4 Flooding.  The  Upper  New  River  Basin  has  experienced  various 
i degrees  of  drought  and  flood  in  the  past.  Extreme  hydrologic  conditions, 

drought  and  flood,  may  occur  within  the  same  year,  however  flooding  is  more 
likely  to  occur  at  any  time  of  the  year  as  opposed  to  droughts  which  are 
commonly  seasonal. 

The  maximum  flood  of  record  in  the  upper  New  River  Basin  occurred  on 
August  14,  1940  when  a peak  flow  of  226,000  CFS  was  recorded  at  the  Glen 
Lyn  gaging  station.  Gage  height  has  been  estimated  to  be  27.5  feet  on  this 
date.  Table  2.3-31  presents  the  momentary  peak  discharges  for  four  major 
New  River  floods  at  selected  localities. 
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Information  concerning  the  Probable  Maximum  Flood  Level  (PMF)  has 
been  made  available  by  the  Engineering  Division,  Norfolk  District,  Corps 
of  Engineers  (Ref.  2.0-24).  Estimated  maximum  flood  levels  for  three  major 
floods  during  the  past  98  years  (Sept.  1878;  July  1916;  August  1940)  at 
the  confluence  of  Stroubles  Creek  with  the  New  River  are  as  follows: 
September  1878  at  1713  feet  MSL* , July  1916  at  1714  feet  MSL,  and  August 
1940  at  1715  MSL.  Thus,  within  the  past  98  years  there  have  been  three 
floods  within  the  1713  to  1715  foot  level. 

As  severe  as  the  maximum  known  floods  may  be,  it  is  commonly  accepted 
that  in  practically  all  cases,  sooner  or  later  a larger  flood  can,  and 
probably  will,  occur.  Therefore,  consideration  is  given  to  the  Standard 
Project  Flood  (SPF)  which  can  be  defined  "as  representative  flood  dis- 
charges that  may  be  expected  from  the  most  severe  combination  of  meteoro- 
logic  and  hydrologic  conditions  that  are  considered  reasonably  characteris- 
tic of  the  geographical  region  involved,  excluding  extremely  rare  combina- 
tions" (Ref.  2.0-25).  Consideration  is  also  given  to  the  Probable  Maximum 
Flood  (PMF)  where  discharges  are  the  result  of  the  most  severe  combination 
of  critical  meteorologic  and  hydrologic  conditions  that  are  reasonably 
possible  in  a geographical  area.  PMF  estimates  are  usually  applicable  for 
the  design  of  spillways  of  high  dams  or  for  other  critical  structures 
(Nuclear  Power  Plants)  where  an  exceptionally  high  degree  of  protection  is 
advisable  and  economically  obtainable. 

Flooding  due  to  dam  failure  has  not  been  investigated  for  this  report. 
The  only  impoundment  that  may  be  capable  of  causing  flooding  at  the  pro- 
posed site  is  Clay tor  Lake,  approximately  15  miles  upstream. 

* MSL  - Mean  Sea  Level. 
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Table  2.3-32  presents  estimated  flood  levels  based  on  the  1940  flood. 
The  proposed  site,  located  at  approximately  +1860  MSL,  should  not  be 
subject  to  flooding  due  to  the  PMF. 

2. 3. 3. 5 Groundwater.  The  potential  for  groundwater  production  in  de- 
veloped areas  of  the  Upper  New  River  is  known  to  be  high.  In  other  areas 
of  the  basin  where  development  is  scant,  it  is  probable  that  the  groundwater 
production  potential  is  adequate  for  many  large-scale  uses.  For  the  most 
part,  accurate  well  data  are  scarce.  There  is  some  dependable  information 
concerning  well  construction,  but  data  relating  to  production  and  aquifer 
characteristics  is  available  for  only  a few  wells.  Thorough  pumping  tests 
for  the  determination  of  drawdown  and  yield  of  aquifers  are  seldom  made 
except  where  large  industrial  wells  are  to  be  pumped  for  long  periods  of 
time  and  dependable  operating  data  are  required. 

Within  the  site  area,  groundwater  is  obtainable  from  three  geologic 
formations,  The  Rome  (red  shale  and  carbonates),  the  Elbrook  (primarily 
crystalline  dolomite  with  some  limestone) , and  Maccrapy  Formation  (shale 
and  sandstone) . 

The  fissile  shales  of  the  Rome  Formation  yield  groundwater  at  the  rate 
of  about  10  gallons  per  minute  (GPM) . The  shales  act  primarily  as  an 
aquaclude,  confining  water  to  the  carbonate  facies  of  the  formation.  Where 
the  carbonates  occur,  springs  produce  up  to  3,000  GPM  and  1,000  GPM  well 
yields  may  be  possible. 

The  Elbrook  Formation,  consisting  of  thick-bedded  crystalline  dolomite 
and  some  limestone,  is  massive  with  blocky  jointing.  Groundwater  is  trans- 
mitted along  joints,  solution  channels,  fractures,  or  along  bedding  planes. 
Karst  features  are  common.  Springs  are  numerous  and,  where  reported,  flows 
average  about  200  GPM.  Similar  yields  can  probably  be  obtained  from  wells 


TABLE  2.3-28:  1-DAY  AND  7-DAY  LOW  FLOWS 


1-DAY  LOW  FLOW* 

Recurrance  Interval  In  Years 
2 10  30 


STATION 

RECORD 

(yrs) 

CFS** 

CFS/Mi2 

CFS 

CFS/Mi2 

CFS 

CFS/Mi2 

Galax 

1930-65 

490 

.43 

300 

.26 

250 

.22 

Ivanhoe 

1930-65 

460 

.34 

255 

.19 

210 

.16 

Allisonia 

1930-65 

800 

.36 

560 

.25 

470 

.21 

Radford 

1940-65 

910 

.33 

680 

.25 

620 

.23 

Eggleston 

1915-65 

950 

.32 

690 

.23 

650 

.22 

Glen  Lyn 

1927-65 

1220 

.32 

920 

.24 

740 

.20 

7-DAY  LOW  FLOWS 

Galax 

1930-65  550 

.49 

340 

.30 

300 

.26 

Ivanhoe 

1930-65  610 

.45 

410 

.31 

350 

.26 

Allisonia 

1930-65  1000 

.45 

690 

.31 

590 

.27 

Radford 

1940-65  1100 

.40 

950 

.35 

870 

.32 

Eggleston 

1915-65  1200 

.41 

910 

.31 

770 

.26 

Glen  Lyn 

1927-65  1490 

.39 

1180 

.31 

970 

.26 

* Source: 

New  River  Basin  Comprehensive  Water 
Va.  Dept,  of  Conser.  and  Econ.  Devel 
Richmond,  Va. 

Resources 
. , Div.  of 

Plan,  Vol.  Ill 
Water  Resourc 

**  ICFS  = 448  GPM 


TABLE  2.3-29:  DISCHARGE  IN  CFS,  WATER  YEAR  1966-1967* 

4 

AT  RADFORD,  VA. 


Month 

October 

Total 

Discharge 

Mean 

Max. 

Min. 

CFS/. 2** 
MX 

Temp. 

(°F) 

98,073 

3,164 

13,100 

860 

1.17 

57 

November 

114,290 

3,810 

10,200 

970 

1.34 

49 

December 

132,060 

4,260 

10,700 

1,020 

1.55 

40 

January 

156,700 

5,055 

g.-'0 

1,350 

1.85 

39 

February 

118,580 

4,235 

9,500 

1,120 

1.53 

39 

March 

192,370 

6,205 

16,300 

1,350 

2.20 

45 

April 

83,440 

2,781 

6,950 

1,270 

1.12 

57 

May 

122,200 

3,942 

5,450 

2,310 

1.41 

60 

June 

81,717 

2,724 

6,390 

916 

.98 

71 

July 

67,330 

2,172 

3,520 

1,100 

.83 

74 

August 

89,947 

2,902 

11,700 

774 

1.06 

73 

September 

57,911 

1,930 

4,430 

877 

.69 

67 

* Source:  Water  Resources  Data  for  Virginia,  1967,  U.S.  Dept,  of  Interior 

U.S.  Geological  Survey,  Richmond,  Va. 

**  Drainage  Area  is  equal  to  2,748  sq.  mi. 
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TABLE  2.3-30:  WATER  QUALITY  DATA  FOB  SELECTED  LOCATIONS 


ALONG  THE  NEW  RIVER 


(in  parts  per  million 

except  as  noted)* 

Narrows,  Va. 

Claytor  Lake 

RAAP 

Si°2 

5.9 

7.3 

- 

Fe 

.05 

.06 

.33 

Mg 

8.4 

4.4 

4.0 

Ca 

16 

8.7 

- 

Na 

3.5 

3.5 

- 

K 

1.4 

1.2 

- 

HCO^ 

78 

47 

- 

S04 

13 

6.8 

10 

CL 

3.5 

3.0 

5.7 

F 

0.1 

.1 

** 

N03 

2.1 

.3 

.7 

Disolv.  Sol. 

94 

65 

66 

Hardness 

10 

1 

- 

Sp.  Cond  (yMhos) 

169 

101 

- 

pH 

7.1 

6.6 

- 

♦Source:  New  River  Basin  Comprehensive  Water  Resources  Plan,  Vol.  IV,  1967 

Va.  Dept,  of  Conserv.  and  Econ.  Devel.,  Div.  of  Water  Resources, 
Rich. , Va. 


TABLE  2.3-31:  NEW  RIVER  MOMENTARY  PEAK  DISC 


TABLE  2.3-32:  PROBABLE  FLOOD  LEVELS  AT  SELECTED  LOCALITIES 


ALONG  THE  NEW  RIVER* 


Bridge 


Flood 

Va.114 

Est.  PMF 

+1754 

Est.  SPF 

+1736 

1940  Flood 

+1727 

100  Year  Flood 

+1725 

50  Year  Flood 

+1721 

25  Year  Flood 

+1716 

New  River 
Bridge 

Stroubles 

Creek 

+3739 

+1735 

+1723 

+1720 

+1717 

+1715 

+1714 

+1712 

+1709 

+1707 

+1704 

+1702 

♦Source:  Letter,  25  July  1975,  Mr.  Charles  Hicks,  Hydrology  Section, 

Engineering  Division,  Norfolk  District  Corps  of  Engineers, 
Norfolk,  Va. 


throughout  most  of  its  outcrop  area.  At  RAAP  (on  the  horseshoe)  a 12-inch 
diameter  well  was  drilled  to  a depth  of  380  feet.  The  yield  was  200  gal- 
lons per  minute  with  a drawdown  of  26  feet  for  a specific  capcity  of  7.69 
(GPM  per  foot  of  drawdown) . 

The  Price  (sandstone)  and  Maccrady  (shale)  formations  which  underlie 
the  site  are  unimportant  as  majore  aquifers.  The  Price  formation  will 
probably  produce  a few  GPM  at  selected  localities. 

2.3.4  Basic  Geology  and  Seismology 

2. 3. 4.1  Regional  Physiography.  The  Appalachian  Highlands,  in  which 
the  site  area  is  located,  includes  four  natural  divisions:  the  Piedmont 

Upland  to  the  southeast,  the  Blue  Ridge  Province,  the  Valley  and  Ridge 
Province,  and  the  Appalachian  Plateaus.  The  Piedmont  Upland,  a gently  roll- 
ing surface,  rises  from  about  +200  feet  MSB  at  the  Fall  Zone  to  about  +500 
feet  MSB  in  the  vicinity  of  the  Potomac  River  at  the  southeast  base  of  the 
Blue  Ridge  Mountains,  and  about  +1500  feet  MSB  towards  the  Virginia-North 
Carolina  state  line.  The  Blue  Ridge  province  includes  the  mountains  bear- 
ing its  name  along  with  other  mountainous  area  west  of  and  adjacent  to  the 
Piedmont  Upland.  This  is  the  highest  area  east  of  the  Rocky  Mountains  and 
culminates  in  Mount  Mitchell,  North  Carolina  (6711  ft). 

The  Appalachian  Valley,  or  Valley  and  Ridge  Province,  includes  the 
relatively  narrow  belt  of  tightly  folded  and  faulted  rocks  between  the 
Blue  Ridge  Province  and  the  eastern  escarpment  of  the  Appalachian  Plateaus. 
The  escarpment  is  almost  continuous  from  Pennsylvania  to  Alabama  and  bears 
different  names  in  different  places. 

The  Appalachian  Valley  is  a continuous  physiographic  feature  which  ex- 
tends from  central  Alabama  northeastward  to  central  Pennsylvania,  and  dis- 
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continuously  as  Car  north  as  the  St.  Lawrence  Lowland.  Its  width  varies 
from  a narrow  14  miles  at  the  New  York-New  Jersey  border  to  80  miles  along 
a line  between  Harrisburg  and  Williamsport,  Pennsylvania.  The  province  has 
often  been  called  the  "Folded  Appalachians"  but  the  name  is  apparently  a 
misnomer  since  folding  extends  beyond  the  province  both  east  and  west. 

The  Valley  and  Ridge  province  displays  many  distinctive  features  such 
as  marked  parallelism  of  ridges  and  valleys,  generally  in  a northeast- 
southwest  direction;  conspicuous  differential  weathering  manifested  in 
topographic  forms;  a trellis  drainage  pattern  with  a few  major  transverse 
streams;  suggestion  of  several  cycles  of  erosion  and  uplift;  and  a number 
of  water  and  wind  gaps. 

The  Appalachian  Valley  can  be  subdivided  into  two  subsections;  the 
Valley  and  Ridge  sub-physiographic  province  on  the  east  which  is  more 
Valley  than  Ridge;  and  the  Ridge  and  Valley  portion  to  the  west  which  is 
dominated  by  tight,  ridge-forming  folds. 

2. 3. 4. 2 Site  Physiography.  The  most  dominant  physiographic  feature 
in  the  vicinity  of  the  proposed  site  is  Price  Mountain.  The  site  is  lo- 
cated on  the  eastern  end  of  this  east-west  trending  anticline.  Maximum  lo- 
cal relief  is  approximately  750  feet  from  the  Hew  River  (el.  1700)  to  the 
highest  points  along  Price  Mountain.  The  New  River,  along  with  many  of  its 
tributary  streams,  is  incised  into  the  rocks  over  which  is  flows.  The  re- 
sult of  this  down-cutting  action  is  the  formation  of  steep  bluffs  (200 
feet)  along  portions  of  the  River.  Much  of  the  area  adjacent  to  the  New 
River  is  underlain  by  limestone  and  dolomite  and  is  highly  solutioned. 
Sinkholes,  pinacles,  and  disappearing  streams  are  common.  Prominent  ridges 
and  hills  are  common  where  sandstone  and  shale  formations  are  present. 
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The  site  area  is  drained  by  first  and  second  order  streams  which  empty  into 
the  New  River. 

2. 3.4. 3 Regional  Geology  and  Tectonics.  The  regional  geology  and 
tectonics  of  the  Southern  Appalachians  is  complex  and  has  been  the  subject 
of  many  classical  studies.  South  of  its  bisection  in  the  vicinity  of  New 
York  City,  the  Appalachian  foldbelt  is  continuous  to  Alabama.  Throughout 
this  distance  it  borders  the  Paleozoic  craton  deposits  to  the  northwest 
with  a well-defined  topographic  and  structural  front  (the  Valley  and  Ridge 
Province),  along  which  steep  folds  and  reverse  .faults  end  abruptly,  giving 
rise  to  more  open  structures  beyond  (Appalchian  Plateau) . 

The  Southern  Blue  Ridge  Geologic  Province  consists  of  a complex  assem- 
blage of  plutonic  gneisses  and  intricately  deformed  and  metamorphosed  sedi- 
mentary and  volcanic  rocks.  This  complex  has  been  intruded  by  various 
types  of  ingneous  rocks  of  Precambrian  and  Paleozoic  age.  Granites  and 
gneisses  form  the  oldest  rock  types  dating  back,  approximately  one  billion 
years  before  present.  However,  shists,  gneisses,  and  amphibolites,  presum- 
ably of  volcanic  and  sedimentary  origin,  comprise  a large  portion  of  the 
Blue  Ridge  Province.  These  rocks  are  believed  to  be  somewhat  younger  than 
their  granite  counterparts?  principally  of  late  Precambrian  age  (Ref.  2.0-26). 

The  Blue  Ridge  Province  is  separated  from  the  Piedmont  Province  to  the 
east  by  the  Brevard  Shear  Zone,  a northeast  trending  zone  of  intense  de- 
formation and  shearing.  To  the  northwest,  a great  reverse  fault  separates 
the  Blue  Ridge  Province  from  the  Valley  and  Ridge  Province  of  the  Appal- 
achians. The  closest  approach  of  the  Blue  Ridge  Province  to  the  Site  is 
approximately  12  miles. 


2-109 


The  rocks  to  the  west  of  the  Blue  Ridge  Province  - the  Valley  and 
Ridge  Physiographic  Province  - are  generally  characterized  by  numerous 
closely  spaced  folds  and  many  low  angle  reverse  faults.  The  fold  axes  and 
the  strike  of  the  faults  generally  parallel  the  trend  of  the  Province- 
Northeast  to  Southwest.  Thrusting  movement  along  the  faults  is  nearly 
always  towards  the  northwest  and  many  of  the  folds  are  oversteepened  or 
overturned  to  the  west  on  their  west  flanks,  suggesting  strong  comprossion- 
al  forces  from  the  southeast.  Within  the  province,  folds  become  more 
numerous  and  more  intense  (tighter)  towards  the  southeast.  Also,  the  fre- 
quency of  thrust  faults  becomes  higher  towards  the  southeast  (Ref.  2.0-27). 
The  maximum  thickness  of  the  sedimentary  rocks  in  the  province  is  believed 
to  be  about  30-35,000  feet;  in  the  vicinity  of  Radford  they  are  at  least 
12,000  feet  thick.  However,  these  thicknesses  do  not  represent  a complete 
12-  to  35,000  foot  time  stratigraphic  sequence;  rather,  the  section  has 
been  repeated  in  many  areas  because  of  overthrusting . 

The  maximum  amount  of  movement  along  these  thrust  sheets  seems  to  have 
occurred  along  the  Pulaski  thrust  sheet.  It  has  been  described  as  having 
a horizontal  displacement  of  eight  or  more  miles  and  a minimum  stratigra- 
phic separation  of  almost  two  miles  (Ref.  2.0-28). 

2. 3. 4. 4 Geologic  History.  A brief  geologic  of  the  Southern  Appala- 
chians is  presented  to  provide  background  information  on  the  origin  of 
the  present  tectonic  setting. 

At  the  beginning  of  Phanerozoic  time,  approximately  570  million  years 
ago,  the  present  Appalachian  Highlands  (the  Appalachian  Plateau,  Valley  and 
Ridge,  Blue  Ridge,  and  Piedmont  Geologic  Provinces)  was  occupied  by  a long, 
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broad  trough  of  varying  depths  which  extended  from  the  Gulf  of  St.  Lawrence 
to  the  Gulf  of  Mexico.  This  water-filled  trough,  generally  called  the 
Appalachian  Geosyncline,*  ranged  in  width  from  a few  miles  at  its  north- 
western-most end  to  at  least  150  miles  in  the  present  area  of  southwestern 
Virginia.  To  the  east  of  this  basin  was  a rugged  mountain  range  generally 
referred  to  as  "Appalachia"?  to  the  west  of  the  geosyncline  lay  the  con- 
tinental borderland  or  "craton"  as  it  has  come  to  be  named.  The  geosyn- 
clinal trough  is  believed  to  have  been  deep  adjacent  to  Appalachia,  similar 
to  "deeps"  adjacent  to  island  archs  today,  and  gradually  became  shallow 
towards  the  craton. 

From  the  Appachia  Upland,  debris-laden  rivers  debouched  to  the  geo- 
synclinal sea  and  deposited  their  sediments  - now  known  as  those  rock  com- 
posing parks  of  the  Valley  and  Ridge  Province.'  At  the  same  time  the  con- 
tinental interior  or  craton  was  an  area  of  very  low  relief  undergoing  very 
slow  erosion.  At  various  times  the  sea  spread  across  parks  of  the  craton, 
and,  because  this  sea  was  believed  to  be  warm  and  shallow  carbonates  and 
bittering  salts  were  deposited.  Some  of  these  carbonates  and  salts  were 
also  deposited  in  the  deeper  parts  of  the  geosyncline  during  periods  of 
aridity  in  Appalachia.  Regional  fluctuations  of  climate,  tectonism,  and 
volcanism  are  responsible  for  the  sometimes  alternating  units  of  elastics 
and  carbonates. 

By  Pennsylvanian  time,  approximately  300  million  years  ago,  the  geo- 
syncline was  almost  entirely  filled  with  materials  eroded  from  Appalachia 
or  from  carbonates  precipitated  from  sea  water.  It  was  at  this  time  that 


* The  term  geosyncline  is  used  here  to  infer  that  a large  region  has  a 
generally  downwarped  structure,  though  it  may  be  modified  by  other 
geosynclinal  structures. 
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much  of  the  coal  mined  today  in  Pennsylvania,  West  Virginia,  and  Kentucky 
formed  in  shallow  swampy  soas..  By  the  end  of  Pennsylvanian  time  the  geo- 
syncline had  probably  subsided  at  least  40,000  feet,  due  in  part  to  the 
mass  of  sediments  deposited  in  it  during  the  prior  300  million  years.  By 
the  close  of  the  Pennsylvania  period  the  trough  had  stopped  its  subsidence 
and  a new  geologic  cycle  was  initiated. 

A compressive  force  began  to  thrust  northwestward,  folding  the  sedi- 
mentary rocks  which  had  been  recently  deposited.  The  lateral  forces  of 
compression  acting  on  the  rocks  at  first  caused  plastic  deformation  - 
bending  and  warping  into  tight  folds  •*  and  then  brittle  deformation  - 
thrust  faulting.  As  these  forces  became  more  intense,  a mountain  system  ap- 
peared where  there  was  once  sea.  Blocks  of  rock  were  thrust  over  one 
another  in  succeeding  episodes  of  faulting.  The  geosyncline  was  uplifted 
into  a mountain  range  of  folded  ridges  and  the  eastern  borderland,  once 
called  Appalachia,  was  compressed  and  uplifted  also. 

By  the  beginning  of  the  Mesozoic  era,  approximately  225  million  years 
ago,  the  uplift  was  completed  and  erosional  processes  became  the  dominant 
factor.  The  compressional  forces  of  the  Paleozoic  era  were  reversed  and 
extension  became  prominent  along  the  eastern  margin  of  the  New  Appalachian 
Mountain  Range.  Extension  caused  normal  faulting  and  created  what  is 
known  today  as  the  Triassic  Basins.  As  these  basins  sank,  they  were  filled 
with  elastics  being  eroded  from  the  newly  formed  mountain  ranges.  At 
first  the  elastics  were  coarse,  giving  rise  to  some  of  today's  basal  Tri- 
assic Conglomerates.  Later,  as  the  streams  stopped  down-cutting  and  lost 
their  transporta tional  energy,  sand,  silts,  and  clays  began  to  be  deposited 
in  these  faulted  basins. 
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During  the  Mesozoic  and  Cenozoic  (beginning  65  million  years  ago) 
eras,  the  New  Appalachian  mountains  periodically  underwent  episodes  of 
epeirogenesis  - broad  movements  of  uplift  which  affected  large  parts  of 
the  mountain  region.  During  these  positive  movements,  streams  renewed 
their  down  cutting  and  disection  of  the  land.  The  result  of  each  uplift 
was  the  creation  of  peneplanes  - land  surfaces  worn  down  by  erosion  to  & 
nearly  flat  or  broadly  undulating  plain.  Remnants  of  these  plains  may  be 
seen  today  occurring  as  terraces  or  plateaus  of  similar  elevation  through- 
out the  Valley  and  Ridge  Province. 

2. 3. 4. 5 Site  Geology.  Although  there  are  no  small  scale  geologic 
maps  available  that  cover  the  site  area,  the  geology  can  be  inferred  with  a 
reasonable  amount  of  assurance  by  reviewing  regional  geologic  maps  and 
references.  Figure  2-4  shows  the  site  location  relative  to  the  geology 

of  the  Blacksburg-Radford  Area. 

Hergenroder  (Ref.  2.0-28)  describes  fourteen  formations  which  crop 
out  in  the  Radford  area,  ranging  in  age  from  Early  Cambrian  to  Early  Miss- 
issippian.  Table  2.3-23  presents  seventeen  local  formations  along  with  a 
brief  description  of  each.  The  order  in  which  they  are  presented  reflects 
their  time-stratigraphic  relationships,  although  they  may  not  have  the  same 
relationship  at  the  site  due  to  faulting. 

2. 3. 4. 6 Tectonic  Structures.  The  site  is  located  within  the  Blacks- 
burg synclinoriura,  a long  and  broad  downwarped  structure  extending  south- 
ward from  the  town  of  Blacksburg  to  the  vicinity  of  Pulaski.  The  north 
limb  is  well  exposed  along  the  New  River  Gorge  between  Eggleston,  Giles 
County,  and  Belspring,  Pulaski  County.  The  southeast  limb  of  the  syn- 

* Window:  A circular  or  elipsoidal  erosional  break  in  an  overthrust 

sheet  whereby  the  rocks  beneath  the  overthrust  are  exposed. 
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clinorium  is  well  exposed  in  a series  of  five  windows  created  by  reverse 
and  overthrust  faulting.  Cooper  (Ref.  2.0-29)  suggests  that  the  major  down- 
fold began  to  take  form  in  Ordovician  time  as  a consequence  of  strong  dif- 
ferential downwarping  of  the  Paleozoic  seafloor.  The  downwarping  continued 
into  Mississippian  time,  and  the  thrust  faulting  of  the  Pulaski  and  May 
Meadows  thrust  blocks  began.  The  fact  that  downwarping  of  the  synclinorium 
and  thrust  faulting  of  Lower  Paleozoic  Rocks  were  penecontemporaneous  is 
indicated  by  the  undulating  and  folded  nature  of  the  Pulaski  fault  contact. 
Cooper  further  suggests  that  mechanics  of  thrust  faulting  may  be  due  to 
active  underthrusting  of  the  depositional  syncline  since  it  was  already 
undergoing  negative  movements. 

As  can  be  seen  from  Figure  2-4,  faulting  is  common  throughout  the 
site  and  near  vicinity.  The  contact  between  the  rocks  underlying  Price 
Mountain  (The  Price  and  Maccrady  Formations)  and  the  rocks  of  the  surround- 
ing area  (Cambrian  Rome  and  Elbrook  Formations)  is  due  to  faulting.  At 
this  location,  the  Cambrian  Limestones  and  dolomites  of  the  Pulaski  thrust 
sheet  overrode  the  younger  rocks  of  Price  Mountain  and  were  subsequently 
folded.  These  faults  are  within  a few  hundred  feet  of  the  site. 

Other  major  faults  in  the  area  include  the  Saltville  thrust  fault 
seven  miles  to  the  northwest  in  Giles  County;  the  Salem  thrust  fault  one 
and  one-half  miles  south  of  the  site;  the  Clay tor  thrust  fault  five  miles 
south  of  the  site;  and  the  May  Meadows  thrust,  six  miles  south-southeast  of 
the  site.  Many  of  these  fault  contacts  are  repeated  throughout  the  area 
due  to  low  angle  thrusting  and  erosional  windows.  None  of  the  faults  are 
believed  to  be  active  today  or  capable  in  terms  of  Nuclear  Regulatory  Com- 
mission Criteria  (Ref.  2.0-2). 
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2. 3. 4. 7 Seismology.  The  central  Appalachian  region  of  Virginia, 

East  Tennessee,  and  West  Virginia  is  characterized  by  a moderate  amount 
of  low-level  seismic  activity,  generally  of  intensity*  V-Vl  with  a few 
intensity  VII' s and  two  intensity  VIII 's. 

The  temporal  and  spatial  relationship  of  earthquake  occurrence  in 
the  Central  Appalachians  has  been  fairly  constant  since  1870,  with  an 
average  of  12  seismic  events  per  10  year  period  (Ref.  2.0-30).  The  seven 
earthquakes  which  occurred  during  1897  is  the  maximum  number  recorded  for 
any  one  year  of  record. 

The  proposed  site  lies  at  the  Northeastern  limit  of  the  Southern  Ap- 
palachian Seismic  Zone  which  extends  from  Western  Virginia  through  East 
|.1?V  Tennessee  and  Western  North  Carolina  to  Central  Alabama.  This  zone  covers 

approximately  62,500  sq.  miles.  Table  2.3-34  presents  the  number  of  earth- 
quakes by  decade  and  by  Intensity  for  the  Southern  Appalachian  Seismic 
Zone,  and  Table  2.3-35  presents  those  earthquakes  within  two  hundred  (200) 
miles  of  the  Radford  Army  Ammunition  Plant. 

Although  the  number  of  events  experienced  by  this  area  appears  to  be 
high  from  the  Southeastern  United  States,  it  must  be  noted  that  few  events 
of  seriously  destructive  proportions  have  occurred.  The  region  can  be 
termed  sparsely  populated,  especially  in  the  mountainous  areas,  but  cities 

I 

| of  good  size  (Blacksburg,  Radford,  Roanoke,  Bluefield)  are  in  close  prox- 

imity and  historic  reports  are  found  describing  many  of  the  events,  indi- 

i 

i 

eating  some  degree  of  reliability  of  the  historical  record. 

Precise  determinations  of  epicenter  locations,  foci,  and  magnitudes 

' have  been  available  only  since  the  installation  of  modern  seismogrphs.  As 

i 

I - - . 

I * Modified  Mercalli  Intensity  Scale  of  1931. 


t 

t 
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a result,  few  earthquakes  have  been  instrumentally  recorded  and  most  earth- 
quakes must  be  subjectively  rated  in  terms  of  a damage  scale  (Modified 
Mercalli  Intensity  Scale  of  1931,  Table  2.3-36). 


The  May  31,  1897  Giles  County  event,  rated  on  the  Mercalli  Scale  as 
Intensity  VIII,  is  believed  to  be  the  strongest  earthquake  to  occur  within 
two  hundred  miles  of  the  site  and  will  be  the  controlling  earthquake  for 
all  critical  seismic  designs.  Earthquake  history  of  the  United  States 
(Ref.  2.0-31)  describes  the  May  31,  1897  event  in  the  folliwng  manner: 
"Rumbling  was  heard  at  various  times  between  May  3 and  31.  On  May 
31,  there  was  a strong  shock  felt  from  Georgia  to  Pennsylvania  and  from  the 
Atlantic  coast  to  Indiana  and  Kentucky.  It  was  felt  most  strongly  at 
Pearisburg,  Giles  County,  Va.,  and  is  generally  known  as  the  Giles  County 
Earthquake.  Old  brick  houses  and  chimneys  were  cracked,  and  bricks  were 
thrown  down  from  chimney  tops.  There  were  fissures  in  the  ground  and 
small  landslides  in  places  where  they  were  easy  to  staxt.  At  the  Narrows, 
it  was  claimed  that  a motion  like  the  ground  swell  of  the  ocean  was  ob- 
served. Large  rocks  rolled  down  the  mountains.  There  were  loud  sounds, 
compared  by  verterans  to  that  of  siege  guns.  At  Wytherville,  bricks  were 
thrown  from  chimneys;  some  were  cracked  and  out  of  place.  Chimneys  were 
shaken  down  at  Bedford  City,  Houston,  Pulaski,  Radford,  and  Roanoke.  In 
Raleigh,  North  Carolina,  two  shocks  were  reported  that  lasted  30  seconds 
and  chimneys  thrown  down.  Chimneys  were  also  damaged  or  down  at  Bristol 
and  Knoxville,  Tennessee,  and  Bluefield,  West  Virginia.  These  tremors  con- 
tinued until  June  6.  The  main,  May  31,  shock  was  also  felt  at  Spartanburg, 
South  Carolina  and  Cincinnati,  Ohio." 
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Although  it  appears  that  the  epicenter  was  located  in  the  vicinity  of 
Pearisburg,  near  the  boundary  of  the  Appalachian  Plateau  and  Valley  and 
Ridge  Provinces,  there  are  no  indications  of  a controlling  structural  fea- 
ture to  which  the  earthquake  can  be  attributed.  This  structural  boundary, 
the  Appalachian  Structural  front,  generally  marks  a sharp  transition  be- 
tween very  gently  folded  rocks  on  the  northwest  and  intersely  folded  and 
faulted  rocks  on  the  southeast.  However,  this  is  only  a change  in  the 
intensity  of  folding  and  faulting  from  east  to  west  and  not  a major  struc- 
tural discontinuity. 

The  preliminary  design  value  for  the  Safe  Shutdown  Earthquake  is  de- 
termined by  locating  the  Giles  County  Intensity  VIII  event  at  the  site. 

The  determination  of  the  accelerations  caused  at  the  site  is  the  mean  ac- 
celeration plus  one  standard  deviation.  Trifunac  and  Brady  (Ref.  2.0-32), 

for  an  Intensity  VIII  earthquake,  give  a mean  horizontal  acceleration  of 

2 2 
166.76  cm/sec  and  a standard  deviation  of  84.06  cm/sec  . Thus,  the  accel- 
erations on  bedrock  which  could  be  expected  at  the  site  due  to  a recurrence 
of  the  May  31,  1897  event  should  not  exceed  .25g.  Until  further  studies 
are  performed,  and  in  the  interest  of  conservatism,  it  is  recommended  that 
a design  value  of  .25-to  ,30g  be  considered.  Coulter,  Waldron,  and  Devine 
(Ref.  2.0-33)  also  suggest  for  an  Intensity  VIII  the  value  of  .25g  for  sites 
with  average  to  good  bedrock  conditions.  A value  of  0.3g  is  used  until 
additional  studies  indicate  a lower  value. 

Present  Nuclear  Regulatory  Commission  Guidelines  (10  CFR  100,  Appendix 
A)  state  that  the  maximum  vibratory  ground  acceleration  from  the  Operating 
Basis  Earthquake  shall  be  at  least  one-half  the  maximum  vibratory  ground 
acceleration  of  the  Safe  Shutdown  Earthquake.  Should  a nuclear  power  plant 
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TABLE  2.3-33:  LOCAL  GEOLOGIC  FORMATIONS 


1.  Quaternary  Deposits: 

Valley  alluvium;  tallus  slopes;  local  travertine  de- 
posits along  streams. 

2.  Mississippian  Maccrady  Shale: 

Red  shale  and  mudstone,  with  a few  interbeds  of 
siltstone  and  sandstone.  Shale,  siltstone,  and 
mudstone  are  greenish-grey  to  reddish-brown  on 
fresh  surfaces. 

3.  Mississippian  Price-Pocono  Formation: 

Sandstone  and  greywacke,  greenish-grey  to  brown, 
some  shale;  contains  4-foot  Merrimac  coal  bed  about 
150  feet  below  top  of  unit. 

4.  Devonian  Black  Shale: 

Black,  extremely  fissile  shale;  a few  lenses  of 
siltstone  and  calcareous  shale  grading  into  shaly 
limestone. 

5.  Devonian  Huntersville  Chert: 

Black  and  greyish- tan  chert  with  some  sandy  zones; 
medi’un  to  thin  bedded. 

6.  Silurian  Clinch  Sandstone: 

Well-indurated  quarts  sandstone  and  orthoquartzite; 
light-grey  to  black  on  fresh  surfaces. 

7.  Ordovician'  Martinsburg  Formation: 

Siltstone,  shale,  and  shell  limestones;  siltstones 
and  fine  grained  sandstones  found  in  upper  part  of 
formation. 

8.  Ordovician  Liberty  Hall  Formation: 

Dark  grey  to  black  limestone,  fine  grained  and  thin- 
bedded. 


9.  Ordovician  Fetzer  Limestone: 


Medium-  to  dark-grey  limestone  that  is  coarse  grained 
and  thick  bedded.  Contains  argillaceous  and  silty 
material  in  once  centimeter  thick  beds. 

10.  Ordovician  Lenoir  Limestone: 

Composed  of  three  distinct  types  of  dark-grey  to  black 
limestone.  Lowermost  unit  is  the  Mosheim  member/  a 
thick  bedded,  dense  limestone  that  breaks  with  con- 
coidal  fractures. 

11.  Knox  1 Cambro-Ordovician  Knox  Dolomite  Group: 

Medium-  to  very  dark  gray  dolomite  with  chert  and  some 
sandstone. 

12.  Cambrian  Conococheague  Formation: 

Chiefly  fine-grained  bluish-grey  limestone,  most  of 
which  contains  the  laminations  of  argillaceous  ma- 
terial; some  grey  dolomitic  limestone  and  dolomite. 

13.  Cambrian  Elbrook  Formation: 

Thin-bedded  to  shaly  dolomite;  considerable  thick- 
nesses of  dolomitic  limestone  and  argilaceous  lime- 
stone also  present. 

14.  Cambrian  Rome  Formation: 

Chiefly  composed  of  red,  greenish-grey,  and  light 
brown  shales.  Considerable  thicknesses  of  siltstone, 
limestone,  and  dolomite  are  also  present.  However, 
red  shale  is  most  conspicuous.  Occurs  near  site  as 
dolomite  and  limestone. 

15.  Cambrian  Hampton  Formation: 

Conformably  overlies  the  Unicoi,  contact  indistinct; 
mainly  consists  of  shales  and  siltstones  with  some 
fine-grained  sandstoned  and  coarse-grained  sandstone 
resembling  those  of  the  Unicoi. 

16.  Lowest  Cambrian  Unicoi  Formation: 

(Also  considered  Precambrian  by  some) . Consists  of 
medium-  to  thick-bedded  feldspathic  sandstone  with 
interbedded  quartz  sandstone,  siltstone,  and  shales. 

No  fossils  have  been  reported  from  the  Unicoi  which 
is  in  part  the  basis  for  its  problematical  age  re- 
lationship , 
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TABLE: 2. 3-34:  NUMBER  OF  EARTHQUAKES  BY  DECADE  AND  BY  SIZE 


FOR  THE  SOUTHERN  APPALACHIAN  SEISMIC  ZONE* 


DECADE 

1770-79 

80-89 

90-99 

1800-09 

10-19 

20-29 

30-39 

40-49 

50-59 

60-69 

70-79 

80-89 

90-99 

1900-09 

10-19 

20-29 

30-39 

40-49 

50-59 

1960-69 

Column 

Totals 


? Ill  IV 


1 - 

1 - 

1 - 

3 - 

1 - 

1 - 

4 1 

1 - 4 

9 - 4 

2 - 1 

16  5 

5 - 

11  3 

2 4 6 

2-10 
7 1 6 


Intensity 

DECADE 

V VI  VII  VIII  TOTALS 


1 

1 


1 

1 

1 

0 

1 

3 

1 

2 

6 

0 

8 

16 

9 

5 

24 

13 

9 

15 

23 

21 


42  13  39  40  17  6 2 159 


Source:  Bollinger,  G.A.,  1973,  Seismicity  of  the  Southeastern  United 

States,  Bull.  Seis.  Soc.  Amer.,  Vol.  63,  No.  5. 
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I TABLE  2.3-35:  EARTHQUAKES  (V  At©  ABOVE)  OCCURRING  WITHIN  j 

200  MILES  OF  RADFORD  ARMY  AMMUNITION  PLANT  I 


Time 


DATE 

H 

M 

G 

LAT 

LONG 

INTEN 

MAGNITUDE 

REF* 

DISTANCE 

! 

(GMT) 

(NORTH) 

(WEST) 

(MM) 

(MILES) 

2 FEB  1855 

8 

0 

0.0 

37.0 

78.6 

V 

EQH 

108 

23  DEC  1875 

4 

45 

0.0 

.37.6 

78.5 

VII 

EQH 

115 

I 13  DEC  1879 

7 

0 

0.0 

35.2 

80.8 

V 

EQH 

137 

j 6 AUG  1885 

13 

0 

0.0 

36.2 

81.6 

V 

EQH 

89 

| 10  OCT  1885 

4 

35 

0.0 

37.7 

78.8 

VI 

EQH 

102 

! 3 MAY  1897 

17 

18 

0.0 

37.1 

80.7 

VI 

EQH 

10 

31  MAY  1.897 

18 

58 

0.0 

37.3 

80.7 

VIII 

EQH 

11 

22  OCT  1897 

3 

20 

0.0 

37.0 

81.0 

V 

EQH 

28 

18  DEC  1897 

23 

45 

0.0 

37.7 

77.5 

V 

EQH 

171 

I 5 FEB  1898 

20 

0 

0.0 

37.0 

80.7 

VI 

EQH 

15 

13  FEB  1899 

9 

30 

0.0 

37.0 

81.0 

V 

EQH 

28 

17  MAY  1901 

7 

0 

0.0 

39.3 

82.5 

V 

EQH 

180 

* • 5 MAR  1904 

0 

30 

0.0 

35.7 

83.5 

• V 

EQH 

193 

11  FEB  1907 

13 

22 

0.0 

37.7 

78.4 

VI 

EQH 

123 

! 23  AUG  1908 

9 

30 

0.0 

37.5 

77.9 

V 

EQH 

147 

i J 

! 8 MAY  1910 

21 

10 

0.0 

37.7 

78.4 

V 

EQH 

123 

1 JAN  1913 

18 

28 

0.0 

34.7 

81.7 

VII 

EQH 

183 

28  MAR  1913 

21 

50 

0.0 

36.2 

83.7 

VII 

EQH 

188 

29  OCT  1915 

6 

0 

0.0 

35.8 

82.7 

V 

EQH 

153 

21  FEB  1916 

22 

39 

0.0 

35.5 

82.5 

VI 

EQH 

159 

26  AUG  1916 

19 

36 

0.0 

36.0 

81.0 

V 

EQH 

85 

10  APR  1918 

2 

9 

0.0 

38.7 

78.4 

VI 

EQH 

156 

6 SEP  1919 

2 

46 

0.0 

37.8 

78.2 

VI 

EQH 

169 

7 AUG  1921 

6 

30 

0.0 

37.8 

78.4 

V 

EQH 

125 

20  OCT  1924 

8 

30 

0.0 

35.0 

82.6 

V 

EQH 

189 

j 6 DEC  1924 

4 

30 

0.0 

37.3 

79.9 

V 

EQH 

36 

; 8 JUL  1926 

9 

50 

0.0 

35.9 

82.1 

VI 

EQH 

123 

5 NOV  1926 

15 

53 

0.0 

39.1 

82.1 

VII 

EQH 

157 

10  JUN  1927 

7 

16 

0.0 

38.0 

79.0 

V 

EQH 

101 

J 

1 

1 

30  OCT  1928 

11 

45 

0.0 

37.5 

77.5 

USE 

168 

3 NOV  1928 

4 

3 

0.0 

36.0 

82.6 

VI 

CGS 

140 

j 

27  DEC  1929 

2 

56 

0.0 

38.1 

78.5 

VI 

USE 

128 

1 

15  SEP  1930 

7 

40 

0.0 

37.5 

77.5 

USE 

168 

26  JUL  1945 

10 

32 

15.0 

34.5 

81.5 

5.6  PAS 

G-R 

192 

I 20  JUN  1952 

( 

i 

I 

i 

9 

38 

5.0 

39.7 

82.2 

VI 

ISS 

195 
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'"ABLE  2.3-35  (Continued) 


Time 


DATE 

H 

M 

G 

LAT 

LONG 

INTEN 

MAGNITUDE 

REF* 

DISTANCE 

(GMT) 

(NORTH) 

(WEST) 

(MM) 

(MILES) 

20  JUN  1952 

9 

38 

6.0 

39.7 

82.2 

VI 

USW 

199 

23  OCT  1958 

2 

29 

47.0 

37.5 

82.5 

CGS 

110 

23  APR  1959 

20 

48 

41.0 

37.5 

80.5 

VI 

USE 

21 

28  OCT  1963 

22 

38 

35.0 

36.7 

81.0 

V 

CHC 

41 

25  NOV  1964 

2 

50 

5.0 

37.4 

81.5 

4.5 

CGS 

54 

26  APR  1965 

15 

26 

21.5 

37.3 

81.6 

CGS 

58 

31  MAY  1966 

6 

19 

2.1 

37.6 

78.0 

V 

3.1 

CGS 

142 

8 APR  1967 

5 

40 

32.3 

39.6 

82.5 

V 

4.5 

CGS 

194 

16  DEC  1967 

12 

23 

37.4 

37.4 

81.6 

3.5 

CGS 

60 

8 MAR  1968 

5 

38 

15.1 

37.0 

80.5 

IV 

3.9 

USE 

12 

8 MAR  1968 

5 

38 

15.2 

37.3 

80.8 

IV 

3.9 

RLA 

17 

20  NOV  1969 

1 

0 

9.0 

37.4 

81.0 

VI 

4.8CG3 

USE 

29 

11  DEC  1969 

23 

44 

39  v 2 

37.8 

77.4 

V 

USE 

177 

13  DEC  1969 

10 

19 

34.3 

35.1 

83.0 

V 

USE 

198 

30  JUL  1970 

8 

48 

51.5 

37.0 

82.2 

3.8 

CGS 

94 

30  JUL  1970 

15 

15 

16.3 

37.0 

82.2 

4.0 

CGS 

94 

11  AUG  1970 

6 

14 

25.5 

38.4 

82.3 

IV 

USE 

127 

10  SEP  1970 

1 

41 

10.0 

36.1 

81.4 

V 

USE 

88 

19  FEB  1971 

23 

11 

41.7 

37.1 

83.2 

NOS 

149 

1 APR  1971 

5 

5 

11.0 

37.4 

81.6 

NOS 

61 

12SEPT  1971 

0 

6 

27.1 

38.1 

77.4 

V 

ERL 

180 

9 OCT  1971 

16 

43 

33.8 

35.9 

83.5 

V 

3.4 

ERL 

186 

9 JAN  1972 

23 

24 

29.1 

37.4 

81.6 

ERL 

59 

20  MAY  1972 

19 

39 

6.4 

37.0 

82.2 

ERL 

94 

23  MAR  1974 

9 

46 

38. ^ 

38.9 

77.8 

2.5BLA 

GS 

192 

30  MAY  1974 

21 

28 

37.2 

37.4 

80.4 

3.6BLA 

GS 

15 

20  OCT  1974 

15 

13 

55.1 

39.1 

81.6 

V 

3.4SLM 

GS 
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* REFERENCES: 

EQH  Earthquake  History  of  the  United  States 

USE  Yearly  publication  'United  States  Earthquakes' 

CGS  Coast  and  Geodetic  Survey 

G-R  'Seismicity  of  the  Earth'  by  Gutenberg  and  Richter 

1SS  International  Seismological  Summary 

CHC  Chapel  Hill,  NC 

BLA  Blacksburg , VA 

NOS  National  Ocean  Survey 

ERL  Environmental  Research  Laboratory 

GS  Geological  Survey 
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MODIFIED  MERCALLI  INTENSITY  (DAMAGE)  SCALE 
(Abridged) 


I.  Not  felt  except  by  a very  few  under  especially  favorable 
circumstances.  (I  Rossl-Forel  Scale.) 

II.  Felt  only  by  a few  persons  at  rest,  especially  on  upper  floors  of 
buildings.  Delicately  suspended  objects  may  swing.  (I  to  II 
Rossi-Forel  Scale.) 

III.  Felt  quite  noticeably  Indoors,  especially  on  upper  floors  of 

buildings,  but  many  people  do  not  recognize  it  as  an  earthquake. 
Standing  motorcars  may  rock  slightly.  Vibration  like  passing  of 
truck.  Duration  estimated.  (Ill  Rossl-Forel  Scale.) 

IV.  During  the  day  felt  Indoors  by  many,  outdoors  by  few.  At  night  some 
awakened.  Dishes,  windows,  doors  disturbed;  walls  make  creaking 
sound.  Sensation  like  heavy  truck  striking  building.  Standing 
motorcars  rocked  no*lceably.  (IV  to  V Rossi-Forel  Scale.) 

V.  Felt  by  nearly  everyone,  many  awakened.  Some  dishes,  windows,  etc., 
broken;  a few  Instances  of  cracked  plaster;  unstable  objects  over- 
turned. Disturbances  of  trees,  poles,  and  other  tall  objects 
sometimes  noticed.  Pendulum  clocks  may  stop.  (V  to  VI  Rossi- 
Forel  Scale.) 

VI.  Felt  by  all,  many  frightened  and  run  outdoors.  Some  heavy  furniture 
moved;  a few  instances  of  fallen  plaster  or  damaged  chimneys.  Damage 
slight.  (VI  to  VII  Rossi-Forel  Scale.) 

VII.  Everybody  runs  outdoors.  Damage  negligible  in  buildings  of  good 

design  and  construction;  slight  to  moderate  in  well-built  ordinary 
structures;  considerable  in  poorly  built  or  badly  designed  structures; 
some  chimneys  broken.  Noticed  by  persons  driving  motorcars. 

(VIII  Rossl-Forel  Scale.) 

VIII.  Damage  slight  In  specially  designed  s.'ructures;  considerable  in 

ordinary  substantial  buildings  with  partial  collapse;  great  in  poorly 
built  structures.  Panel  walls  thrown  out  of  frame  structures.  Fall 
of  chimneys,  factory  stacks,  column';,  monuments,  walls.  Heavy 
furniture  overturned.  Sand  and  mud  ejected  in  small  amounts.  Changes 
in  well  water.  Persons  driving  motorcars  disturbed.  (VIII+  to  IX- 
Rossi-Forel  Scale.) 

IX.  Damage  considerable  in  specially  designed  structures;  well-designed 
frame  structures  thrown  out  of  plumb;  great  in  substantial  buildings, 
with  partial  collapse.  Buildings  shifted  off  foundations.  Ground 
cracked  conspicuously.  Underground  pipes  broken.  (IX+  Rossi-Forel 
Scale . ) 

X.  Some  well-built  wooden  structures  destroyed;  most  masonry  and  frame 
structures  destroyed  with  foundations;  ground  badly  cracked.  Ralls 
bent.  Landslides  considerable  from  river  bsnks  and  steep  slopes. 
Shifted  sand  and  mud.  Water  splashed  (slopped)  over  banks.  (X  Rossl- 
Forel  Scale .) 

XI.  Few,  if  any,  (masonry)  structures  remain  standing.  Bridges  destroyed. 
Broad  fissures  in  ground.  Underground  pipelines  completely  out  of 
service.  Earth  slumps  and  land  slips  in  soft  ground.  Rails  bent 
greatly. 

XII.  Damage  total.  Waves  seen  on  ground  surface.  Lines  of  sight  and. 
level  distorted.  Objects  thrown  upward  into  the  air. 
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site  experience  accelerations  in  excess  of  the  Operating  Basis  Earthquake, 
shutdown  would  be  mandatory  until  it  could  be  demonstrated  that  no  func- 
tional damage  had  occurred  to  those  features  of  the  plant  necessary  to 
assure  plant  safety. 

A tentative  value  of  .15g  (one-half  the  maximum  SSE'  would  be  required 
to  satisfy  NEC  criteria.  Further  studies  should  be  performed  to  verify 
values  for  both  the  SSE  and  OBE. 

2. 3. 4.8  Foundation  Engineering.  Three  borings  were  drilled  at  the 
proposed  site  in  a plan  view  of  an  equalateral  triangle.  Rock  (red  shale 
with  calcareous  and  sandy  zones)  was  encountered  at  approximately  twenty 
feet  below  existing  grade  in  each  boring.  A generalized  subsurface  pro- 
file is  presented  in  subsection  2. 2. 5. 2 (2). 

The  borings  were  performed  tinder  the  supervision  of  the  Corps  of  En- 
gineers, Norfolk  District.  The  soil  samples  were  classified  according  to 
the  United  Soil  Classification  System  and  the  inspector's  visual  interpre- 
tation of  material  proportions.  All  soils  were  classified  ML;  inorganic 
silts  and  very  fine  sands  with  slight  plasticity.  No  samples  were  tested 
in  the  lab  to  determine  their  strengths  or  other  physical  properties. 

Generally,  the  strength  of  rock  underlying  the  site  should  be  suitable 
with  minimal  settlements  and  adequate  bearing  capacity. 

2.3.5  Terrestrial  and  Aquatic  Ecology 

2. 3. 5.1  Terrestrial  Ecology.  The  site  is  located  in  the  Ridge  and 
Valley  section  of  the  Oak-Chestnut  Forrest  Region  (Ref.  2.0-34).  This 
area  is  characterized  by  broad  valleys  from  which  rise  rather  level-crested 
longitudinal  ridges.  The  ridges  are  most  frequently  of  sandstone  whereas 
the  valley  floors  an  • underlain  with  limestone.  These  geological  varia- 
tions produce  different  habitats  and  consequently  different  vegetative 


patterns.  Secondary  vegetation  of  ridges  is  usually  dominated  by  oak. 

While  oak  is  usually  dominant  in  mesic  slope  forest,  drier  slopes  are 
dominated  by  Chestnut  oak,  and  pines  are  common  on  cliffs.  Although  most 
of  the  valleys  are  under  cultivation,  the  forest  type  is  dominated  by 
white  oak.  Other  accompanying  species  include  tuliptree,  hickories,  and  a 
number  of  oaks.  Forests  along  slopes  of  streams  are  unlike  those  of  moun- 
tain slopes.  Beech  is  universally  present  with  basswood,  sugar  maple, 
tuliptree,  oaks,  ash,  and  walnut  frequently  present. 

The  major  tree  species  of  the  two  county  areas  in  which  the  Radford 
Army  Ammunition  Plants  is  located  are  the  red  oak,  dogwood,  hicnory,  maple 
and  white  oak  in  the  valleys,  and  red  oak,  maple,  white  oak,  and  black  gum 
on  ridges  and  exposed  slopes  (Ref.  2.0-23). 

Radford  Array  Ammunition  Plant  has  2,537  wooded  acres  out  of  a total 
area  of  7,095  acres. 

Aerial  photographs  of  the  immediate  vicinity  of  the  proposed  power 
plant  indicate  that  the  area  is  forested  by  a mixture  of  evergreen  and  hard- 
wood trees.  The  species  composition  is  unknown.  The  site  area  slopes  steep- 
ly downward  on  three  sides  toward  Stroubles  Creek  and  its  tributaries.  The 
slopes  are  also  wooded.  Access  from  the  proposed  plant  site  to  the  New 
River  would  include  flat  non-wooded  habitat. 

A list  of  frogs  and  toads  of  Virginia  (Ref.  2.0-35)  and  snakes  of 
Virginia  (Ref.  2.0-36,37)  have  been  published  along  with  distribution  maps. 
These  articles  have  been  used  in  compiling  Tables  2.3-36  and  2.3-37  giving 
those  animals  which  occur  in  either  Pulaski  or  Montgomery  Counties.  The 
lack  of  still  water  on  site  will  limit  the  breeding  activities  of  amphib- 
ians to  small  still  pools  along  streams.  Gray  tree  frogs,  wood  frogs  and 
green  frogs  are  most  likely  inhabitants  of  the  woodland  slopes.  The 
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'>odland  slopes  of  the  site  could  provide  habitat  for  most  of  the  snakes 
1 i<  ' a Table  2.3-37.  The  water  snake  and  green  snake  could  occur  along 

r«ch  as  S troubles  Creek. 

Ovir  270  species  of  birds  have  been  recorded  in  Montgomery  County  from 
189.1  through  1974  (Ref.  2.0-38).  of  which  about  80  are  considered  rare. 
Murray  speculates  that  such  a large  number  of  species  is  the  result  of  the 
county  being  at  median  latitudes,  the  boundary  of  two  drainage  systems,  and 
along  a migration  pathway.  Table  2.3-38,  modified  from  Murray  (Ref.  2.0- 
38)  lists  those  birds  whose  preferred  habitat  is  present  on  site.  Elimi- 
nating those  species  which  have  been  recorded  less  than  three  times  in  the 
area,  we  are  left  with  236  avian  species  which  are  potential  inhabitants  of 
the  site.  These,  of  course,  vary  seasonally  as  indicated  in  Table  2.3-38. 

No  information  concerning  surveys  of  mammalian  species  in  the  vicinity 
of  the  site  have  been  located,  however,  the  present  geographic  ranges  of  60 
species  include  the  Radford  Amy  Ammunition  Plant  (Ref.  2.0-39).  These 
species  along  with  their  preferred  habitat  are  listed  in  Table  2.3-39. 

For  the  purposes  of  this  study  those  animals  and  plants  which  are  rare 
or  endangered,  of  commercial  or  recreational  importance,  or  have  shown  de- 
clining populations  in  the  area,  are  considered  important.  In  addition, 
those  organisms  contributing  significantly  to  the  well  being  of  the  above 
species  are  also  considered  important. 

No  species  of  plants  listed  as  rare  or  endangered  have  been  reported 
at  the  Radford  Army  Ammunition  Plant  (Ref.  2.0-23).  However,  no  compre- 
hensive list  of  plants  found  has  been  compiled.  Those  rare  and  endangered 
species  which  might  be  eroected  to  occur  at  the  site  because  of  their 
ranges  and  habitat  preference  are  given  in  Table  2.3-40.  The  list  is 
conservative  and  does  not  imply  that  all  species  are  present.  ■ 
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Many  of  the  tree  species  listed  (Ref.  2.0-23)  as  present  on  site  are 
valuable  commercial  species,  including  tulip  tree,  basswood,  sugar  maple, 
oak,  black  walnut,  pine,  ash  and  cherry.  Pine,  tulip  tree  and  black  walnut 
are  the  three  most  valuable  timber  trees  on  the  Radford  Army  Ammunition 
Plant  Complex  (Ref.  2.0-23). 

Several  of  the  bird  species  which  are  likely  to  occur  within  the 
region  of  the  Radford  Army  Ammunition  Plant  are  considered  rare  or  endan- 
gered (Table  2.3-41).  Others  have  been  placed  on  the  Blue  List  which  is 
published  once  a year  under  the  auspices  of  the  National  Audubon  Society. 
The  list  is  a compilation  of  birds,  which  in  the  opinion  of  prominent  orni- 
thologists throughout  the  United  States,  have  shown  a serious  decline  in 
numbers.  The  rare  and  endangered  Bald  Eagle  and  Peregrine  Falcon  have  also 
been  recorded  in  Montgomery  County.  Both  are  presently  considered  rare. 
Since  1940,  only  one  Bald  Eagle  has  been  sighted.  Peregrine  Falcons,  while 
never  common,  formerly  nested  on  cliffs  along  the  New  River  (Ref.  2.0-38). 
Both  of  these  species  might  be  expected  to  use  the  present  site  for  brief 
periods,  but  the  nearness  to  human  activities  probably  precludes  their 
nesting  on  site. 

Several  of  the  species  noted  on  the  Blue  List  have  also  experienced  a 
population  decline  in  Montgomery  County  including:  Marsh  Hawk;  Upland 
Sandpiper;  Red-headed  Woodpecker;  Cliff  Swallow;  Bewick's  Wren;  and  Grass- 
hopper Sparrow  (Table  2.3-41).  These  species  should  be  given  special 
consideration  should  they  be  found  to  be  using  the  site  intensively. 

Two  rare  or  endangered  mammal  species  could  presently  use  uhe  site. 
These  are  both  bats  - the  Indiana  myotis  and  a subspecies  of  the  Western 
big-eared  bat,  the  Virginia  big-eared  bat.  Both  species  inhabit  caves, 
with  the  Indiana  myotis  primarily  confined  to  several  large  caves  in 
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Kentucky  (Ref.  2.0-54).  The  Virginia  big-eared  bat  inhabits  small  caves 
(Ref.  2.0-54).  No  caves  are  presently  known  to  exist  at  the  site,  but  one 
should  be  alert  to  their  presence  and  possible  importance. 

Many  of  the  bird  and  mammal  species  likely  to  occur  on  site  are  con- 
sidered game  animals  by  the  State  of  Virginia  (Table  2.3-39)  (Ref.  2.0-65). 
The  birds  include:  geese;  ducks;  Ruffed  Grouse;  Bobwhite;  Ring-Necked 
Pheasant;  Turkey;  Common  Gallinule;  American  Coot;  American  Woodcock; 

Common  Snipe;  and  Mourning  Dove.  Game  mammals  include;  black  bear,  red 
fox,  gray  fox,  bobcat,  squirrels,  rabbits,  and  Virginia  deer.  Life  history 
information  for  rare  and  endangered  species  and  game  species  are  included 
in  Tables  2.3-39  and  2.3-42.  Probable  food  chains  of  the  important  species 
are  depicted  in  Figure  2-5. 

The  biological  communities  have  been  and  still  are  under  stress  from 
the  activities  of  man.  The  area  was  altered  by  clearing,  cultivation  and 
grazing  prior  to  its  acquisition  and  development  as  a manufacturing  area. 
Heavy  lumbering  of  the  woodlands  occurred  prior  to  government  acquisition. 

Presently,  the  woodlands  are  under  a forest  management  program,  since 
1955,  with  lumbering  on  a seven  year  cycle.  Mature  trees  are  lumbered  and 
low  value  or  dead  trees  selectively  removed.  Herbicides  are  used  in  the 
control  of  unwanted  species  (Ref.  2.0-23). 

The  manufacturing  facility  was  constructed  on  cleared  agricultural 
lands.  However,  this  land  has  either  been  covered  with  buildings  or  manip- 
ulated so  that  succession  and  forest  development  has  been  arrested.  Por- 
tions of  the  non-forested  land  is  presently  being  used  for  burial  of  solid 
wastes  or  burning  areas,  with  most  of  the  remainder  kept  mowed. 
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Noise,  man’s  activities,  and  emissions  associated  with  the  manufac- 


turing probably  affect  terrestrial  biological  communities.  Emission  ef- 
fects on  trees  downwind  of  the  plant  are  evident  (Ref.  2.0-23). 

There  have  been  buildups  of  both  deer  and  red  fox  populations  within 
the  RAAP  property,  probably  because  of  good  habitat,  lack  of  predators,  and 
no  hunting.  A fence  surrounding  the  plant  complex  also  inhibits  natural 
dispersion  of  the  population.  Additional  food  in  the  form  of  grain  stocked 
shelters  are  provided  for  deer.  Excess  deer  are  trapped  by  the  Virginia 
Department  of  Conservation  (Ref.  2. §-23)  for  stocking  elsewhere.  Red  foxes 
have  been  trapped  in  the  past  by  the  Virginia  Commission  of  Game  and  Inland 
Fisheries  when  their  dense  populations  posed  threat  of  rabies.  The  last 
trapping  was  in  1966  (Ref.  2.0-23). 

2. 3. 5. 2 Aquatic  EcoJ.ogy.  The  New  River,  approximately  150  yards  wide 
flows  through  RAAP  for  nearly  three  miles.  The  river  is  rapid  with  both 
riffle  and  pool  habitats.  The  substrate  is  highly  variable  with  areas  of 
bedrock,  boulders,  gravel,  sand  and  mud  (Ref.  2.0-12).  A small  stream, 
Stroubles  Creek,  which  drains  most  of  the  Southeastern  half  of  RAAP  flows 
into  the  New  River.  These  waters,  because  of  the  shale,  sandstone  and 
limestone  over  which  they  flow,  are  hard  with  concentration  of  CaCo3 
ranging  from  50  to  199  ppm  in  the  New  River  below  RAAP  (Ref.  2.0-23). 

Approximately  15  miles  upstream  of  the  site  is  Clay tor  Lake.  The 
regulation  of  discharge  from  the  lake  produces  diurnal  changes  in  elevation 
of  the  river  at  RAAP  which  can  vary  as  much  as  4 feet  (Ref.  2.0-12).  From 
the  town  of  Radford  11  river  miles  upstream  of  RAAP  the  New  River  receives 
2.5  million  gallons  of  primary  sewage  per  day.  However,  because  of  the 
river's  high  reaeration  characteristics  and  high  base  flow  it  is  considered 
clean  (Ref.  2.0-23).  Algal  indicator  species  composition  on  the  other  hand 
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indicate  a possible  nutrient  enrichment  of  the  New  River  prior  to  entering 
RAAP  (Ref.  2.0-12).  Nutrient  enrichment  of  the  river  as  it  passed  through 
the  Ammunition  Plant  was  very  evident  from  measurements  of  nitrate  and 
phosphate  in  1971.  Nitrate  levels  were  1.69  PPM  as  the  river  entered  RAAP 
and  13.90  PPM  near  the  river's  bend  after  passing  many  of  the  RAAP  outfalls. 
Phosphate  levels  were  0.135  PPM  and  0.41  PPM  at  the  same  location  (Ref.  2.0- 
12) . Stroubles  creek  is  somewhat  degraded  at  the  point  that  it  enters  RAAP 
from  sewage  disposal  by  the  town  of  Blacksburg  (Ref .2.0-23) . 

Both  the  New  River  and  Stroubles  Creek  serve  as  waste  disposal  receiv- 
ing bodies  for  RAAP.  The  biological  studies  on  the  inhabitants  of  these 
waters  have  been  largely  designed  to  document  and  define  the  effects  of  the 
discharges.  Two  studies,  one  in  June  1971  (Ref.  2.0-12)  and  one  in  October 
1972  (Ref.  2. 0-23). were  undertaken  with  these  goals  in  mind.  Both  at- 
tempted to  sample  in  physically  similar  environments  (riffles)  at  locations 
above  and  below  various  outfalls.  The  first  study  sampled  benthos,  algae, 
aquatic  macrophytic  vegetation  and  fish  while  the  latter  surveyed  only 
benthos  and  algae.  The  1971  algal  study  of  the  New  River  found  little 
differences  between  stations  as  far  as  species  composition  except  for  a 
trend  toward  a greater  dominance  by  green  algae  as  one  progressed  down- 
stream. Reductions  in  taxa  of  algae  were  noted  both  immediately  below'  the 
thermal  and  ash  discharge  from  the  power  plant  (Power  House  #2)  and  below 
the  burning  grounds.  A list  of  algal  species  collected  is  presented  in  ,the 
Wodehouse,  et  al.  (1973)  study  (Ref.  2.0-12).  The  1972,  Department  of  the 
Army,  study  only  looked  at  the  diversity  of  diatom  species.  Two  stations 
upstream  from  any  discharge  pointy  were  used  to  establish  baseline  con- 
ditions. Downstream  of  the  Oleum  Plant  wastes,  a slight  depression  in  the 
diversity  index  was  noted.  Further  downstream  below  the  discharge  of 
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thermal  and  chemical  waste  from  the  Waste  Acid  Neutralization  Facility  a 
large  depression  was  noted  on  the  right  side  of  the  river.  Below  the  mouth 
of  Stroubles  Creek  an  even  greater  depression  of  the  diversity  index  was 
noted  on  the  right  side  of  the  river  and  a suggestion  of  a decrease  was 
present  from  the  left  side  of  the  river.  Station  further  downstream  showed 
a recovery  toward  baseline  conditions  as  outlined  occurred. 

Stroubles  Creek  was  sampled  in  the  1972  Department  of  the  Army  study 
(Ref.  2.0-23).  The  first  five  stations  were  above  any  discharge  points 
from  the  RAAP  facility.  The  diversity  indicies  calculated  from  the  diatom 
collections  at  these  stations  were  relatively  high  and  constant,  except 
below  an  area  of  road  construction.  Below  the  thermal  and  chemical  waste 
outfall  of  the  TNT  area  a large  depression  of  the  diversity  index  was  seen. 
Additional  wastes  from  the  TNT  area  enter  further  downstream  and  produce 
even  greater  deteriorization. 

Sixty-eight  species  of  flowering  plants,  one  aquatic  moss  and  one 
macroscopic  algae  were  collected  below  the  high  water  mark  along  the  New 
River.  A species  list  is  given  in  the  report  by  Mitchell  (1973) . The 
variety  of  plant  species  varied  widely  from  station  to  station  with  lowest 
numbers  present  below  the  Oleum  plant  and  the  power  plant  outfalls.  Most 
sensitive  genera  were  Potomogeton,  Chara,  and  Stellaria  with  Elodea  and 
Frontinalis  apparently  somewhat  less  sensitive  (Ref.  2.0-12). 

Biomass  studies  of  the  species  Podostemum  ceratophyllum  were  conducted 
at  intervals  along  the  river.  Biomass  dropped  in  the  region  of  the  outfalls 
and  then  surged  to  new  highs  somewhat  below  the  outfalls.  This  pattern 
suggest  toxicity  in  the  area  of  depression,  and  following  dilution  of  the 
toxicant,  increase  productivity  due  to  increased  nutrients  (Ref . 2.0-12) . 
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The  1971  study  (Ref.  2.0-12)  found  few  differences  in  the  benthic 
fauna  (either  species  or  density)  upstream  or  downstream  of  the  RAAP  waste 
outfalls.  Few  species  were  collected  at  any  station  which  the  authors 
(Holliman  and  Parsons,  1973)  attribute  to  the  relative  large  amount  of 
bedrock  and  the  season  (early  summer).  A list  of  species  collected  is 
presented  by  Holliman  and  Parson,  Ref.  2.0-12.  Species  intolerant  to 
pollution  were  present  at  all  stations. 

The  1972  Department  of  the  Army  Study,  however,  did  indicate  a degra- 
dation of  benthic  invertebrate  communities  below  the  RAAP  outfalls,  es- 
pecially the  oleum  plant,  the  power  plant  and  general  sewer  and  at  the 
mouth  of  Stroubles  Creek.  Sensitive  genera,  Hydropsyche , Stenonema, 
Isonychia  and  Macronemum  were  present  in  the  river  as  it  enters  and  leaves 
RAAP,  but  not  in  the  region  of  the  outfalls.  A list  of  species  is  given 
in  this  report.  Some  of  the  differences  in  the  two  studies  may  be  related 
to  the  seasonal  differences  in  sampling  (one  in  early  summer?  one  in  fall) . 

Both  studies  found  indications  of  pollution  in  Stroubles  Creek,  both 
as  it  entered  RAAP  and  further  downstream  below  outfalls  of  the  TNT  plant 
(Ref.  2.0-12).  The  creek  was  found  to  be  nearly  abiotic  near  its  mouth 
(Ref.  2.0-12). 

The  New  River  both  above  and  below  RAAP  supports  about  30  species  of 
fish  (Table  2.3-44,  Ref.  2.0-12).  Eelow  the  oleum  outfall  only  5 species 
were  collected.  Further  downstream  but  above  the  power  plant  15  species 
were  collected  in  low  numbers.  Those  species  which  were  absent  in  the 
stressed  zone  were  the  hog  sucker,  many  species  of  minnows,  fantail  darter, 
yellow  perch,  and  bass. 

Only  two  specimens  were  taken  in  Stroubles  Creek,  both  blacknose  dace, 
which  were  speculated  to  have  come  from  the  New  River  (Ref.  2.0-12).  This 
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creek  was  reported  to  have  supported  about  20  species  in  1951  and  1952.  By 
1954  only  seven  species  were  found  (Ref.  2.0-12). 

Of  the  31  species  of  fish  reported  to  occur  at  RAAP,  none  are  reported 
to  be  rare  or  endangered.  Seven  of  the  31  species  are  considered  game 
species  in  the  State  of  Virginia  (Table  2.3-43).  The  walleye,  while  not 
collected,  is  also  an  important  game  species  of  the  New  River. 

Habitat  requirements  of  those  fish  species  listed  as  important  are 
given  in  Table  2.3-44.  Life  history  characteristics  are  summarized  in 
Table  2.3-43.  All  game  species  are  carnivorous  and  therefore  occupy  a 
place  at  the  top  of  the  food  chain.  When  young  they  feed  largely  on  zoo- 
plankton, as  juveniles  they  feed  on  benthic  invertebrates,  and  as  adults 
they  feed  on  a combination  of  invertebrates  and  other  fish.  They  are 
therefore  dependant  on  all  categories  of  biota  for  their  survival. 

It  appears  that  both  the  New  River  and  Stroubles  Creek  are  presently 
under  considerable  stress  in  the  area  under  consideration.  Both  receive 
sanitary  wastes  prior  to  entering  RAAP  and  the  depth  of  the  New  River  is 
regulated  by  a dam.  Within  the  Arsenal  itself,  the  waters  are  further  de- 
graded by  the  addition  of  acids,  nutrients,  heat,  ash,  sediment,  domestic 
and  industrial  wastes.  The  effects  of  these  are  mirrored  in  the  kind, 
number,  and  species  distribution  of  the  organisms  at  various  locations  with- 
in the  arsenal.  The  New  River,  because  of  its  higher  base  flow  and  recrea- 
tion characteristics  is  able  to  assimilate  the  present  pollutants  with  few 
noticeable  effects  on  the  biota  of  the  river  as  it  leaves  the  site. 

Stroubles  Creek  on  the  other  ha-d  is  smaller  and  is  almost  abiotic  near  its 
mouth. 
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TABLE  2,3-36:  FROGS  AND  TOADS  OF  POLASKI  AND  MONTGOMERY  COUNTIES,  VA-* 


Eastern  spadefoot 

Scaphiopus  holbrooki 

American  toad 

Bufo  americanus 

Fowler ' s toad 

B.  woodhousei  fowleri 

Spring  peeper 

Hvla  crucifer 

Gray  treefrog 

H.  versicolor 

Upland  chorus  frog 

Pseudacris  triseriata  feriarum 

Mountain  chorus  frog 

P.  brachyphona 

Bullfrog 

Rana  catesbeiana 

Green  frog 

R.  clamitons  melanota 

Northern  leopard  frog 

R.  pipiens  pipiens 

Pickerel  frog 

R.  polustris 

Wood  frog 

R.  svlvatica 

‘Mitchell,  1975 


PROBABLE  FOOD  CHAIN  OF  IMPORTANT  SPECIES 
POTENTIALLY  OCURRING  ON  THE  SITE 


TABLE  2.3-37:  SNAKES  OF  PULASKI  AND  MONTGOMERY  COUNTIES,  VIRGINIA* 


Northern  water  snake 
Queen  snake 
Northern  brown  snake 
Red-bellied  snake 
Eastern  garter  snake 
Eastern  ribbon  snake 
Eastern  hognose  snake 
Northern  ringneck  snake 
Eastern  worm  snake 
Northern  black  racer 
Rough  green  snake 
Corn  snake 
Black  rat  snake 
Northern  pine  snake 
Eastern  milk  snake 
Mole  snake 
Northern  copperhead 
Timber  rattlesnake 

♦Mitchell,  1974  A and  B. 


Natrix  sipedon  sipedon 
N.  septemvittata 
Storeria  dekayi  dekayi 
S_.  occipitomaculata 
Thamnoohis  sirtalis  sirtalis 
T^.  sauritus  sauritus 
Heterodon  platyrhinos 
Diadophis  punctatus  edwardsi 
Carphophis  amoenus  amoenus 
Coluber  constrictor  constrictor 
Opheodrys  aestiuus 
Elaphe  guttata  guttata 
E.  obsoleta  obsoleta 
Pituophis  melanoleucus  melanoleucus 
Lampropeltis  doliata  triangulum 
L.  calligaster  rhombomaculata 
kistrodon  contortrix  mokeson 
Crotalus  horridus  horridus 
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TABLE  2. 3-38 i AVIAN  SPECIES  POTENTIALLY  OCCURRING  ON  THE  SITE 
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Widgeon 

Shouler 


TABLE  2.3-38:  AVIAN  SPECIES  POTENTIALLY  OCCURRING  ON  THE  SITE  (Continued) 
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Rough-legged  Hawk 
Golden  Eagle 


TABLE  2.3-38:  AVIAN  SPECIES  POTENTIALLY  OCCURRING  ON  THE  SITE  (Continued) 
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TABLE  2.3-38:  AVIAN  SPECIES  POTENTIALLY  OCCURRING  ON  THE  SITE  (Continued) 
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TABLE  2.3-38:  AVIAN  SPECIES  POTENTIALLY  OCCURRING  ON  THE  SITE  {Continued) 
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Tree  Swallow 
Bank  Swallow 
Rough-winged  Swallow 


TABLE  2.3-38:  AVIAN  SPECIES  POTENTIALLY  OCCURRING  ON  THE  SITE  (Continued) 
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TABLE  2.3-38:  AVIAN  SPECIES  POTENTIALLY  OCCURRING  ON  THE  SITE  (Continued) 


w Declined  in  County 
3 Since  1900 

B 

w , (5) 

Game  Species 

•S  . T.  (4) 
o Blue  List 

8 

(A 

Rare  or  ... 
Endangered K 


p Cliffs 

3 

Xj  Fields  & Pastures 

£ 

'O  Woodlands 
u 

y Stream  Sides 

4-( 

o 

u 

p<  Open  Water 


* * * 


«««.«««  « •n*-********** 


■*  ■*  * 


o Summer  Visitor 

G 

S Winter  Visitor 

3 

o 

o Transient 


g Winter  Resident 


« Summer  Resident 
w 

Permanent  Resident 


««««  « « * * * 


o 

Pi  P (n  D 

► - U CJ  U *■ 

UDPDUUUSfaDUblnSUf’SUKUSPiPS 


4J 

H v 

« rl*l 

t cn  ® 

O C H 

•O  * 3 S' 
■H  3 >0  id 

s si* 

3 0 5$. 
HOC' 
O >i  M 5 
rtoo- 
Ctlin 
m O'  a o 

>1  3 I 4)  I 

i 4 V V <0  >i 

4)  W 3 H X3 

4>  « H Q 3 

> w a 05  pc  ; 


■s  *8  5 

4)  0>  >i  P 
JG  C 4>  I 
4 H I > 
$ H 0)  o 
On  4 -P  H 

Q P XC  4> 


w w 

4 u io 

•H  -H  -H 

> > x: 

Qj 

>i  *0  H 

BO  41 
>-0 
41  10 
•H  I rl 
H H H 
O O X5 
(A  PC  Pi 


2-142 


« - 


Warbler 


TABLE  2.3-38:  AVIAN  SPECIES  POTENTIALLY  OCCURRING  ON  THE  SITE  (Continued) 
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TABLE  2.3-38:  AVIAN  SPECIES  POTENTIALLY  OCCURRING  ON  THE  SITE  (Continued) 
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TABLE  2.3-43:  LIFE  HISTORY  CHARACTERISTICS  OF  GAME  FISH  COLLECTED  FROM  THE  NEW  RIVER  AT  RAAP 
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2.4  ENVIRONMENTAL  IMPACTS 


2.4.1  Socioeconomics.  The  socioeconomic  impact  of  construction  of  a 
nuclear  reactor  at  the  proposed  site  is  largely  dependent  upon  the  size  of 
the  construction  work  force  and  the  duration  of  construction  activities. 
Work  force  size  greatly  influences  both  the  ability  of  the  nearby  areas  to 
supply  labor  and  the  ability  of  local  areas  to  accomodate  construction  and 
management  personnel  who  may  have  to  relocate  to  the  area.  An  influx  of 
personnel  associated  with  construction  and  operation  of  the  plant  will 
place  demands  upon  local  housing,  schools,  and  public  services. 

The  area  which  may  sustain  impacts  from  the  construction  activities 
is  that  area  within  a 60  to  75  mile  radius,  or  one  to  one  and  one-half 
hours  commuting  distance.  Within  this  radius  there  are  a number  of  small 
to  moderate-sized  towns  (Pulaski,  Radford,  Christiansburg , and  Blacksburg) 
and  a Standard  Metropolitan  Statistical  Area  (Roanoke) . These  towns  should 
be  able  to  supply  a majority  of  the  labor  foce  and  thus  minimize  the 
potential  impacts  of  an  influx  of  new  labor. 

An  impact  related  to  the  irreversible  commitments  of  resources  is  the 
allocation  of  land  for  construction  activities  and  for  the  plant  site  pro- 
per. Since  the  proposed  plant  is  going  to  be  constructed  within  the  con- 
fines of  Radford  Army  Ammunition  Plant,  and  hat  this  area  has  already  been 
zoned  industrial,  there  will  be  no  impacts  on  consumptive  land  use. 

Since  the  proposed  plant  construction  is  a federal  activity  and  will 
be  located  on  a federal  military  facility,  it  will  not  have  any  impact  on 
the  property  tax  base.  Because  of  this,  the  only  other  major  impacting 
medium  will  be  employment.  Presented  in  chapter  three  is  an  idealized 
construction  schedule  of  three  and  one-half  years  during  which  time  a 
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maximum  of  666  persons  will  be  employed  at  any  given  time.  The  peak  ctverage 
employment  is  estimated  at  650  persons  for  fifteen  (15)  months.  The  largest 
contribution  of  personnel  to  the  work  force  will  come  from  the  craft  workers. 

The  ability  of  most  workers  to  commute  from  within  a seventy-five  (75) 
mile  radius  will  virtually  eliminate  the  need  for  local  housing,  thus  the 
impact  on  community  services  (schools,  police,  hospitals,  etc.)  will  be 
minimal  since  most  of  the  needs  of  the  workers  will  occur  at  their  own 
homes,  not  at  the  construction  site.  Certain  parts  of  the  labor  force  - 
construction  management  personnel,  vendor's  representatives,  and  the  owner  - 
may  permanently  reside  in  areas  where  commuting  is  not  practical.  In  these 
cases,  personnel  may  reside  in  transient  housing  (hotels,  motels,  etc.) 
during  the  week  and  return  home  on  weekends.  This  could  put  a slight  strain 
on  local  motels  and  boarding  houses. 

Within  commuting  range  (50-70  miles)  of  the  proposed  site  there  are 
over  16,000  persons  employed  in  the  construction  industry.*  It  is  assumed 
for  the  purpose  of  this  study  that  from  this  labor  pool,  the  local  area  can 
supply  all  the  labor  with  the  exception  of  those  highly  specialized  skills 
unique  to  the  nuclear  industry.  Assuming  the  Corps  of  Engineers  does  not 
construct  the  plant,  it  is  estimated  that  a maximum  of  one  hundred  (100) 
persons  will  not  be  able  to  commute  to  the  job  site.  Of  this  number,  a 
maximum  of  fifty  (50)  persons  will  bring  their  families. 

During  the  operating  life  of  the  plaint,  which  is  estimated  to  be  be- 
tween thirty  (30)  and  forty  (40)  years,  approximately  seventy  five  (75) 
persons  will  be  employed  in  operating,  maintaining,  and  providing  security 
at  the  plant. 

I 

♦Source:  U.S.  Census  of  Population,  1970. 
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A result  of  the  primary  employment  caused  by  construction  activities, 


a certain  amount  of  secondary  employment  will  be  generated  as  supporting 
services.  The  Base  Employment  Multiplier  is  a reasonable  representation  of 
how  total  employment  in  a region  is  related  to  base  employment.  This  study 
assumes  a multiplier  of  2.5;  that  is,  for  every  primary  job  generated  by 
construction  activities,  there  cure  1.5  secondary  jobs  induced. 

The  induced  employment  and  population  can  be  calculated  as  follows: 

(a)  Of  the  total  work  force,  100  persons  reside  in  the  area  with 
their  families  for  a total  (x  3.2)  of  320  residents. 

(b)  For  the  100  persons  moving  into  the  area  (x  1.5)  150  new 
(secondary)  jobs  are  created. 

(c)  For  the  150  new  jobs,  the  population  is  increased  by  a factor 
of  3.2  for  an  induced  population  of  480  persons. 

(d)  The  total  induced  population  (A)  + (C)  is  800  persons. 

(e)  The  total  induced  employment  (B)  + (D)  is  250  persons. 

The  increase  in  secondary  employment  and  the  increase  in  population 
will  not  react  immediately  to  the  construction  activities;  rather  there  will 
be  a lag  time  between  the  two.. 

For  the  sixty  (60)  positions  created  by  the  operation  of  the  plant, 
ninety  new  (secondary)  jobs  will'  be  created,  for  a total  of  one  hundred 
fifty  (150)  new  jobs.  Compared  to  the  construction  jobs,  these  positions 
can  be  considered  permanent.  Using  the  3.2  multiplier  of 'persons  per  house- 
hold, the  population  of  the  surrounding  area  will  be  increased  by  almost 
five  hundred  (500)  persons. 

The  primary  impact  of  the  population  increase  will  be  on  community 
services.  From  the  population  projections  and  growth  rates  presented  in 


2-167 


subsection  2. 1.3. 5,  the  population  of  Montgomery  County  increased  by  43% 
between  1960  and  1970,  and  during  the  same  period  the  population  of 
Christiansburg  increased  by  115%.  With  such  rapid  growth,  it  is  doubtful 
that  the  population  generated  by  the  proposed  facility  will  have  a major 
impact.  It  can  be  assumed  that  all  community  service  functions  are  now 
operating  at  full  mobilization  due  to  the  increase  of  the  sixties.  Hence 
the  impact  of  induced  population  can  then  be  considered  a negative  impact. 
The  question  is  then  how  large  will  this  impact  be  or  will  it  just  aggra- 
vate an  already  serious  problem. 

It  should  also  be  realized  that  there  will  be  beneficial  impacts  as- 
sociated with  the  proposed  project.  For  instance,  it  generates  primary 
and  secondary  employment;  and  homes  purchased  by  new  residents  will  gener- 
ate increased  revenues  in  the  form  of  local  real  estate,  property,  and 
income  taxes . 

At  this  time  it  is  not  possible  to  determine  the  overall  net  socio- 
economic impacts  resulting  from  the  construction  and  operation  of  the 
proposed  facility.  However,  it  would  appear  that  because  of  relatively 
short  schedules  and  small  peak  manpower  requirements  (compared  to  large 
commercial  plants) , the  net  impacts  will  be  negligible. 

2.4.2  Land  Use  and  Zoning.  The  issues  of  land  use  and  zoning  have 
been  partially  addressed  in  section  2.4.1,  Socioeconomics,  and  in  the  sec- 
tion dealing  with  prime  site  identification. 

i 

A preliminary  plant  layout  for  the  proposed  facility  requires  approxi- 
mately eleven  (11)  acres  for  the  plant  site  proper.  Another  twenty  (20) 
acres  will  be  required  for  construction  support  facilities  along  with  a 
storage  and  laydown  area.  These  twenty  acres  will,  in  part,  be  rejuvenated 
once  construction  is  complete. 
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Additional  impacts  concern  the  Exclusion  Area  and  Low  Population  Zone. 
Within  the  exclusion  area  radius,  tentatively  set  at  0.4  miles,  the  ap- 
plicant will  have  the  authority  to  control  activities.  This  will  no  doubt 
preclude  the  use  of  this  area  as  a potential  residential  site.  However, 
the  area  is  already  partially  zoned  for  industrial  use,  minimizing  any 
negative  impacts  of  consumptive  land  use.  By  prior  arrangement  and  agree- 
ment, it  is  possible  that  the  area  may  be  used  for  other  industrial  ap- 
plications which  are  not  labor  intensive. 

The  Low  Population  Zone,  which  includes  a large  portion  of  the  am- 
munition plant,  does  not  preclude  the  areas  outside  the  ammunition  plant 
from  alternative  land  uses.  However,  the  resident  and  transient  popula- 
tion in  the  LPZ  should  be  considered  in  order  to  provide  a reasonable  assur- 
ance that  the  population  can  be  evacuated  in  the  event  of  an  emergency. 
Should  the  population  in  the  LPZ  increase  drastically,  the  Department  of 
Defense  will  have  to  revise  evacuation  plans,  or  in  extreme  cases,  make 
changes  to  the  plant  in  order  to  provide  increased  protection. 

2.4.3  Transportation.  Construction  of  the  proposed  facility  should 
not  create  any  additional  impacts  above  and  beyond  those  of  the  movement  of 
work  force  and  material.  It  is  likely  that  traffic  along  State  Routes  114 
and  659  will  increase,  but  not  by  a very  significant  amount.  The  plan  ac- 
cess road  will  join  Route  114  and  possibly  cause  some  minor  congestion  dur- 
ing peak  traffic  hours.  A traffic  signal  or  patrolman  may  be  necessary  to 
control  the  flow  of  traffic. 

Operation  of  the  plant's  cooling  towers  could  cause  fogging  and  icing 
along  state  Route  659  in  the  vicinity  of  the  site,  which  in  turn  could 
create  poor  visibility  for  motorists.  Heavy  fogging  occurs  throughout  the 


2-169 


area  of  southwestern  Virginia  with  a frequency  of  25  to  40  times  per  year. 
In  the  winter  and  autumn  seasons,  light  fog  is  practically  a daily  occur- 
rence. It  can  be  assumed  that  periods  of  heavy  fog  will  increase  in  the 
vicinity  of  the  site,  but  until  detailed  calculations  are  performed  utiliz- 
ing site-specific  data,  the  nature  and  amount  of  increased  fog  will  be 
unknown. 

2.4.4  Ecology.  The  primary  impacts  on  the  terrestrial  biological 
system  can  be  divided  into  the  construction  and  operational  phases  of  the 
proposed  facilities.  The  largest  impact  during  both  phases  will  be  as- 
sociated with  the  physical  removal  and  complete  destruction  of  a wildlife 
habitat. 

The  major  effects  of  power  plant  construction  are:  1)  removal  of 

habitat;  2)  increases  in  human  activity,  3)  increased  ambient  noise,  4) 
increased  atmospheric  dust,  and  5)  increased  erosion. 

The  greatest  impacts  will  result  from  the  total  habitat  destruction. 
Table  2.4-1  presents  land  acreages  to  be  cleared  for  each  facility,  present 
biological  habitats,  and  future  restoration  plans.  A total  of  eleven  (11) 
acres,  most  of  which  is  presently  wooded,  will  be  directly  disturbed  during 
construction.  Thirty-five  (35)  acres  are  considered  unrestorable  due  to 
the  construction  of  permanent  structures  and  roadn.  Twenty-one  (21)  acres 
will  be  maintained  in  an  early  successional  stage  of  forbs  and  grasses 
while  an  additional  twenty-one  (21)  acres  will  be  left  to  revert  to  forest. 
The  latter  process  will  require  at  least  one  hundred  (100)  years.  It  is 
assumed  that  organisms  inhabiting  the  cleared  area  will  be  eliminated 
either  directly,  through  competition , lack  of  food,  or  by  reproductive 
failure.  Woodland  species  will  be  heavily  affected.  Mammal  dispersal  will 
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be  inhibited  by  fences  surrounding  the  ammunition  plant  and  around  the 
construction  site.  Caves  which  could  serve  as  habitats  for  the  Virginia 
big-eared  bat  should  be  noted  and  examination  should  be  made  to  determine 
their  presence  or  use  before  construction  begins. 

Because  of  the  initial  construction  operation  of  cleciring  the  wood- 
land, along  with  the  steep  slopes  present  at  the  site,  erosional  problems 
are  likely  to  occur  even  though  extreme  care  will  be  taken.  Erosion  at 
the  site  area  can  deplete  the  soil  of  its  nutrients  while  deposition  of 
eroded  materials  offsite  may  have  a smothering  affect  on  healthy  negetation. 

Increases  in  human  activity  and  increased  noise  levels  will  disturb 
organisms  near  the  construction  site  and  may  cause  their  migration  to 
quieter  areas.  However,  because  of  activities  at  RAAP  and  traffic  on 
Route  659,  the  present  animals  are  already  subject  to  considerable  human 
disturbance  and  may  be  partially  accustomed  to  it.  Dust  generated  during 
excavation  and  construction  can  coat  plant  leaves  and  reduce  photosynthesis. 
Care  will  be  taken  to  dampen  dust-prone  areas  during  dry  periods. 

Operational  effects  on  the  terrestrial  biological  system  will  arise 
mainly  from  increased  human  presence,  and  plant  noise.  Noise  and  human 
presence  will  be  at  greatly  reduced  levels  as  compared  to  those  levels 
experienced  during  excavation  and  construction. 

The  impacts  on  the  aquatic  environment  are  the  results  of  changes  and 
activities  both  within  the  water  bodies  and  associated  land  areas  of  their 
watersheds . 

Construction  activities  within  the  New  River  will  be  limited  to  the 
construction  of  the  intake  and  discharge  structures  in  association  with 
cooling  towers  along  the  New  River,  and  the  construction  of  a steam  line 
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across  the  river  to  powerhouse  number  two.  Dredging,  ripping  and/or  blast- 
ing if  required  for  construction,  may  temporarily  increase  turbidity.  The 
nature  and  extent  of  the  supended  sediments  will  depend  on  the  type  of 
substrate  which  is  distrubed.  Turbid  conditions  can  reduce  productivity  of 
aqautic  plants  by  reducing  light  penetration,  clog  the  gills  of  benthic 
invertebrates,  and  destroy  nest  sites  and  eggs  of  fish.  However,  due  to  the 
temporary  nature  of  construction  activities  many  tasks  could  be  performed 
during  winter  when  productivity  is  low  and  spawning  activity  has  topped.  A 
more  problematical  increase  in  turbidity  and  siltation  is  likely  to  occur 
from  clearing  and  earthmoving  activities.  Preventing  measures  such  as  rapid 
seeding,  mulching,  and  construction  of  retention  basins  help  reduce  these 
impacts . 

An  associated  problem  occurs  when  forested  areas  are  cleared.  Ions, 
especially  nitrates,  which  were  formerly  bound  in  the  soil  are  released 
from  the  cleared  region  into  local  streams.  Stroubles  Creek  is  particular- 
ly vulnerable  to  nutrient  and  sediment  additions  because  of  its  location 
immediately  adjacent  to  the  site.  Road  construction  (Route  659)  along 
this  creek  has  already  affected  the  diatom  and  benthic  communities. 

Operational  impacts  on  the  aquatic  environment  are  primarily  associat- 
ed with  the  intake  of  water  from  the  New  River  euid  the  proposed  discharge 
of  blowdown  into  Stroubles  Creek.  Additional  effects  are  related  to  the 
possible  release  of  radioactive  materials  and  chlorides  into  waters  receiv- 

i 

ing  cooling  water  discharges  and  blowdown. 

There  are  two  separate  problems  related  to  water  intake:  impingement 

and  entrainment.  Impingement  refers  to  the  process  in  which  organisms 
(primarily  fish)  are  pulled  and  held  against  intake  screens  due  to  the 
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force  of  intake  pumpage.  Those  fish  most  susceptible  are  those  too  small 
to  swim  against  the  intake  water  velocity,  and  compressed  fish  which  pre- 
sent a broader  surface  area  to  the  current.  Placement  of  the  intake  in 
an  area  of  rapid  current  and  off  of  the  river  bottom  should  minimize  the 
presence  of  fish  susceptible  to  impingement.  Entrainment  refers  to  the 
inclusion  of  small  organisms  able  to  pass  through  the  screens  into  the 
intake  water  and  through  the  cooling  system.  Because  cooling  towers  will 
be  used  at  the  proposed  facility,  the  impact  of  entrainment  and  impinge- 
ment should  be  negligible  due  to  the  ion  flows  required  for  cooling. 

Blowdown  from  the  cooling  towers  will  probably  be  discharged  into 
Stroubles  Creek.  The  water  will  contain  a concentration  of  dissolved  ma- 
terial at  five  times  the  concentrations  presently  in  the  waters  of  the  New 
River.  The  concentration  of  total  solids  will  be  in  the  range  of  300-500 
ppm  with  chloride  and  sulphate  concentrations  of  15-20  and  35-65  ppm, 
respectively.  Fresh  water  is  commonly  defined  a3  waters  having  "dissolved 
salt"  concentrations  of  less  than  500  ppm.  Most  freshwater  fish  and  in- 
vertebrates are  tolerant  of  higher  salt  concentrations.  Temperature  of  the 
discharge  will  be  approximately  80°F  under  wet  belb  conditions  of  72°F. 

This  could  appreciably  raise  the  temperature  of  Stroubles  Creek  under 
adverse  meteorological  conditions  of  high  temperatures  and  high  humidities. 
The  creek  presently  receives  effluent  of  82°F  near  the  TNT  area. 

EPA  (Committee  on  Water  Quality  Criteria,  1972)  recommends  that  total 
residual  chlorine  should  not  exceed  0.05  ppm  for  a period  up  to  30  minutes 
in  any  24-hour  period  in  order  to  protect  aquatic  life.  Higher  levels  are 
being  proposed  here,  with  free  available  chlorine  being  discharged  for  a 
maximum  of  2 hours  per  day  at  average  concentrations  of  0.2  ppm  and  maxi- 
mum concentrations  of  0.5  ppm.  It  is  expected  that  the  increased 


2-173 


concentration  of  salts,  the  thermal  increases,  and  the  levels  of  chlorine 
proposed,  coupled  with  the  low  discharge  rates  of  Stroubles  Creek  will  pro- 
duce additional  stress  and  will  further  degrade  the  creek's  biological 
communities.  The  creek  is  presently  under  great  stress  and  does  not  support 
valuable  biological  communities. 
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2.5  COMPLIANCE  WITH  FEDERAL  SITING  GUIDELINES 


2.5.1  Demography.  With  respect  to  the  siting  guidelines  presented  in 
subsection  2. 2. 3. 7,  the  site  complies  with  all  the  Nuclear  Power  Plant 
siting  .guidelines  presently  in  effect.  However,  there  are  two  areas  which 
may  cause  licensing  difficulties. 

The  first  is  the  traverse  of  new  State  Route  659  through  the  Exclusion 
Area.  Although  the  guidelines  do  not  specifically  prohibit  such  uses  of 
the  exclusion  area,  these  uses  are  discouraged.  It  will  remain  the  re- 
sponsibility of  the  applicant  to  show  that  all  activities  occurring  within 
the  Exclusion  Area  can  be  controlled  in  the  event  of  a public  safety  acci- 
dent. Furthermore,  a more  detailed  evaluation  of  potential  transportation- 
related  accidents  will  be  required  by  the  Nuclear  Regulatory  Commission. 

The  Low  Population  Zone's  present  population  density  does  not  preclude 
the  use  of  the  site  for  a nuclear  power  reactor.  However,  because  of  rapid 
population  growth  in  Montgomery  County,  population  in  the  LPZ  in  the  future 
may  create  a problem.  The  applicant,  unless  he  owns  the  property  included 
in  the  LPZ,  has  to  negotiate  with  local  authorities  concerning  activities 
in  this  area.  If  population  levels  increase  to  a point  where  existing 
evacuation  plans  are  no  longer  suitable,  the  NRC  may  require  new  plans 
demonstrating  the  applicant's  ability  to  evacuate  the  area.  However,  in  the 
extreme  case  where  evacuation  is  not  a viable  means  of  controlling  accident 
consequences,  the  applicant  may  be  required  to  install  additional  special 
protective  features  at  the  plant.  One  means  of  preventing  residential 
development  is  by  the  purchase  of  properties  in  the  LPZ  in  addition  to 
seeking  changes  in  the  present  zoning. 
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2.5,2  Meteorology.  The  lack  of  site-specific  data  and  subsequent 


analyses  makes  it  difficult  to  ascertain  the  degree  of  compliance  of 
meteorological  parameters  with  federal  siting  guidelines.  However,  based 
upon  the  available  data  presented  in  subsection  2.3.3,  there  does  not  ap- 
pear to  be  any  insurmountable  problems  with  respect  to  licensing. 

2.5.3  Hydrology.  In  general,  most  of  the  hydrological  effects  of 
the  proposed  plant  and  site  combination  on  the  New  River  appear  to  be  mini- 
mum and  in  compliance  with  the  siting  criteria  presented  in  subsection 

2. 2. 3. 5.  It  is  possible  that  the  blowdown  discharged  to  Stroubles  Creek 
may  exceed  EPA  standards.  The  effect  of  domino-like  dam  failures  upstream 
of  the  plant  site  has  not  been  identified  as  required  by  the  NRC.  However, 
the  elevation  of  the  proposed  plant  at  site  #3  above  the  New  River  (approxi- 
mately 180  feet)  would  almost  preclude  any  flooding  at  the  plant-  Some 
analysis  documenting  this  evaluation  should  be  provided. 

2.5.4  Geology  and  Seismology.  Based  on  the  interpretatic  ■£.  the 
site  area's  geological  characteristics  and  the  seismic  history  of  the  area, 
there  appears  to  be  no  deleterious  characteristics  that  would  preclude 
licensing.  Faults  occur  near  the  site  but  they  are  believed  not  capable 
by  NRC  definitions.  However,  this  should  be  substantiated.  The  seismic 
design  value  for  the  Safe  Shutdown  Earthquake  (.25-  .30g)  is  believed  to  be 
adequate  but  also  should  be  verified. 

2.5.5  Aquatic  and  Terrestrial  Ecology.  Within  this  report,  aquatic 
and  terrestrial  ecology  have  beer,  discussed  rather  thoroughly.  It  is 
known  that  much  more  information  exists  concerning  the  ecology  of  the  New 
River,  RAAP,  and  areas  adjacent  to  the  site.  However,  these  data  were  not 
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supplied  to  the  consultant.  Knowing  that  these  data  are  available  but 
have  not  been  reviewed,  it  is  not  possible  to  reasonably  state  the  degree 
of  compliance  with  Federal  Guidelines.  The  effects  of  chemical  and  ther- 
mal discharges  on  the  aquatic  environment,  especially  in  Stroubles  Creek, 
will  need  to  be  examined  before  any  definitive  impact  statements  can  be 
made. 
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2.6  RECOMMENDATIONS  FOR  ALTERNATIVE  COURSES  OF  ACTION  AND 
ADDITIONAL  WORK 


2.6.1  Assessment  of  Data  Availability  and  Analyses.  Throughout  the 
greater  portion  of  this  report,  data  availability,  and  particularly  the 
availability  of  site-specific  data,  has  been  cited  as  a major  drawback 
of  the  study.  However,  this  is  not  to  say  that  many  of  the  conclusions 
drawn  from  the  available  information  are  not  valid.  Rather,  within  the 
intent  and  purpose  of  the  study,  the  assessment  of  the  suitability  of 
Radford  Army  Ammunition  Plant  for  locating  a 313  MWfc  nuclear  plant,  the 
information  provided  by  the  Department  of  Defense  and  additional  data  col- 
lected by  the  consultant  provides  an  adequate  data  base  for  such  as  assess- 
ment. Much  of  the  analyses  performed  for  the  study  are  primiarly  prelim- 
inary in  nature  and  based  on  regional  data  because  there  is  very  little  site 
specific  data  available. 

2.6.2  Comparison  of  the  Difference  in  Environmental  Impacts:  Coal 

vs.  Nuclear.  An  evaluation  of  environmental  impacts  connotes  a comparison 
of  impacts  between  alternative  land  uses.  With  this  in  mind,  it  is  sug- 
gested that  the  proposed  nuclear  plant  be  compared  with  a coal  fired 
station  of  the  same  capacity. 

The  construction  of  small  nuclear  reactors  by  Federal  agencies  {with 
particular  emphasis  on  the  Department  of  Defense)  to  meet  long-term  energy 
demands  and  diminish  the  nation's  reliance  on  foreign  fuel  sources  should 
also  be  viewed  as  a siting  consideration  that  may  offset  possible  economic 
penalties  and  environmental  impacts. 


2.6.3  Further  Definition  of  the  Prime  Site.  In  the  preceeding  sub- 
sections, candidate  site  three  u)  has  been  identified  as  the  prime  site  for 
locating  the  Consolidated  Nuclear  Steam  Generator  at  RAAP.  It  must  be  noted 
that  this  site  is  not  without  certain  deleterious  characteristics  that  may 
adversely  impact  the  costs  of  construction  and  initial  access?  but  the  site 
is,  nevertheless,  the  most  suitable  of  the  three  specific  site  areas. 


Also,  it  is  believed  that  economic  advantages  (in  the  areas  of  excava- 
tion and  construction)  may  be  gained  by  slightly  relocating  the  proposed 


plant  within  the  general  area  of  site  three.  Such  a relocation  may  minimize 
the  effects  of  potentially  hazardous  land  uses  (State  Road  659  and  the 
Norfolk  and  Western  Railroad)  on  plant  design  and  also  alleviate  potential 
licensing  problems  due  to  these  land  uses. 
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2 . 7 Applicability  of  the  Proposed  Facility  to  Other  Military  Sites 
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2.7.1  Tentative  Envelope  of  Behavior  for  Other  Hypothetical  Sites. 

A concept  that  has  yet  to  be  examined  is  the  partial  standardization  of  the 
design  of  the  proposed  plant  and  the  potential  application  of  these  designs 
to  other  sites.  The  Nuclear  Steam  Supply  System  and  the  balance  of  plant, 
as  designed  for  site  conditions  at  RAAP,  should  be  applicable  over  a wide 
range  of  sites  throughout  the  United  States.  The  mix  of  steam  and  elec- 
tricity along  with  back-up  energy  requirements  will  probably  be  the  initial 
consideration  for  applicability  to  other  sites.  The  following  is  a summary 
of  probable  plant  requirements.* 

2. 7. 1.1  Demography.  The  exclusion  area  and  low  population  zone  may 
vary  greatly  in  their  respective  sizes  depending  on  reactor  and  balance  of 
plant  design  along  with  on-site  meteorological  conditions.  The  exclusion 
area  and  low  population  zone  have  been  tentatively  set  at  radii  of  0.4  and 
3.0  miles,  respectively  for  this  study.  Because  the  reactor  is  of  small 
capacity  it  is  likely  that  the  exclusion  area  and  LPZ  can  be  much  smaller 
also.  This  will  permit  other  activities  (manufacturing)  to  be  carried  on  in 
the  site  vicinity  without  actually  being  within  the  exclusion  area  radius. 

2. 7. 1.2  Meteorology.  The  proposed  site  is  located  in  Design  Basis 
Tornado  Region  I which  includes  that  part  of  the  contiguous  forty-eight 
states  east  of  the  Rocky  Mountains.  A plant  that  can  withstand  the  Region  1 
Design  basis  tornado  can  also  withstand  the  Design  basis  tornadoes  of 
Regions  II  and  III,  west  of  the  Rocky  Mountains. 


♦Based  on  Hash  1355  and  Design  at  RAAP 
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The  100-year  return  period  wind  (fastest  mile  wind)  is  90  miles  per 
hour.  This  is  generally  re  *rred  to  as  the  Operating  Basis  Wind  Speed  at 
which  the  plant  can  operate  without  any  loss  of  function.  The  90  mph  value 
is  fairly  high  and  is  suitable  for  nearly  all  areas  of  the  United  States  ex- 
clusive of  coastal  areas.  Coastal  areas  may  experience  a fastest  mile  wind 
speed  of  up  to  130  mph.  For  the  purposes  of  this  study  it  is  assumed  that 
the  plant  will  be  designed  to  withstand  a 130  mph  wind. 

The  overpressure  resulting  from  a postulated  explosion  on  a nearly 
transportation  route  at  RAAP  has  been  calculated  to  be  approximately  10  psi 
above  ambient  conditions.  This  is  a conservatively  high  value  that  probably 
%ould  not  be  applicable  to  other  sites  unless  they  were  also  adjacent  to 
hazardous  manufacturing  facilities. 

2. 7. 1.3  Hydrology.  Total  plant  water  requirements  at  RAAP  are  esti- 
mated to  be  2200  gptn  (5  cfs)  for  a cooling  tower  system.  Of  this  amount  750 
GPM  (1.7  cfs)  are  used  for  make-up,  1250  GPM  (2.8  cfs)  for  process  steam, 
and  200  GPM  (0.45  cfs)  for  service  water  make-up.  The  maximum  water  re- 
quirement for  a plant  using  once  through  cooling  and  producing  all  process 
steam  will  be  approximately  17,000  GPM  (38  cfs);  once  through  cooling  with 
100%  electric  production  approximately  15,300  GPM  (34  cfs).  A plant  pro- 
ducing all  electricity  but  with  cooling  towers  would  be  using  approximately 
950  GPM  (2.2  cfs). 

With  respect  to  large  commercial  nuclear  plants  these  water  requirements 
are  quite  small.  Rivers,  lakes,  and  reservoirs  with  an  available  water 
resource  (10%  of  the  7-day;  10-year  recurrence  low  flow)  of  22  to  380  cfs 
will  be  suitable  sites  for  a 313  MW  plant  so  long  as  their  diffusion 
characteristics  are  suitable  for  adequate  dissipation  of  waste  heat. 
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2. 7.1.4  Legal  Restrictions.  As  a final  consideration  in  the  siting 
envelope,  the  impact  of  new  state  legislation  restricting  the  proliferation  of 
nuclear  power  should  be  assessed  to  determine  how  it  may  affect  nuclear 
power  plant  siting  by  a federal  agency.  Many  states  have  passed  or  initiated 
legislation  setting  environmental  standards  and  some  states  have  set  up 
siting  boards  and  councils  to  'oversee  and  review  candidate  sites  for  thermal 
power  plants.  However,  the  defeat  of  an  initiative  recently  in  California 
(June  8,  1976)  could  be  interpreted  as  a growing  awareness  among  the  people 
of  that  state  that  nuclear  power  is  necessary  in  order  to  maintain  continued 
economic  growth  and  a high  standard  of  living. 

2.7.2  Possible  Releases  from  NRC  Criteria.  Since  the  proposed  reac- 
tor's design  is  somewhat  unique  and  of  much  smaller  rated  capacity  than 
commercial  units,  it  may  be  possible  for  the  applicant  to  obtain  waivers  on 
some  of  the  NRC's  present  criteria.  To  do  this,  it  would  be  necessary  to 
perform  detailed  studies  demonstrating  that  the  design  warrants  these 
waivers . 

2.7.3  Summary.  Based  on  existing  federal  siting  guidelines  and 
criteria  the  Radford  Army  Ammunition  Plant  has  been  evaluated  as  a poten- 
tial location  for  a small  (313  MWt)  nuclear  reactor  that  will  provide  both 
process  steam  and  electricity  to  the  manufacturing  facilities.  Possible 
prime  site  locations  were  evaluated  using  data  supplied  by  the  Department 
of  Defense.  Three  candidate  sites  located  within  the  boundaries  of  RAAP 
were  identified,  evaluated  and  rated  as  to  which  was  the  most  suitable 
location.  Site  three  (3)  (Figure  2-3)  was  suggestes  tb  the  Department  of 
Defense  as  being  the  most  suitable  of  the  three  areas,  but  nevertheless, 


it  has  certain  deleterious  characteristics  (topography;  layout  area  avail- 
able) that  could  limit  its  use.  The  site  was  then  evaluated  in  detail  and 


2-183 


found  to  be  viable  based  on  the  supporting  data.  The  evaluation  suggests 
that  some  subjects  should  be  examined  in  more  detail  using  site-specific 
data,  specifically  the  exclusion  area  radius,  the  LPZ,  transportation 
hazards,  and  local  geology  and  .foundations.  Recommendations  for  additional 
work  include: 

(1)  Further  definition  of  an  adequate  Exclusion  Area  radius  for  the 
PE-CNSG.  Radii  less  than  the  tentative  values  presented  in  this 
report  should  broaden  the  reactor's  applicability  to  other  sites. 

(2)  The  potential  for  missile  generation  and  explosions  from  RAAP, 
from  the  eastern  branch  of  the  Norfolk  and  Western  Railroad,  and 
from  State  Route  659  should  be  evaluated  in  more  detail.  Al- 
though the  Norfolk  and  Western  Railroad  has  not  been  able  to 
supply  information  at  this  time  concerning  the  types,  amounts, 
and  frequency  of  transportation  of  hazardous  materials  carried 
through  the  site  area,  further  discussions  should  be  initiated 
with  the  railroad  to  determine  the  nature  of  these  shipments. 

(3)  Should  the  project  go  forward,  a meteorological  tower  should  be 
constructed  at  the  site.  This  will  provide  on-site  data  that  can 
be  used  to  determine  the  operating  characteristics  of  the  cooling 
towers,  to  project  the  amounts  of  heavy  fog  (if  any)  caused  at 
the  site  from  the  towers,  and  to  be  used  as  input  for  the  deter- 
mination of  the  Exclusion  Area  Radius  and  Low  Population  Zone. 

» 

The  construction  and  operation  of  such  a tower  and  recording  of 
meteorological  data  for  site-specific  design  purposes  could 
shorten  the  design  and  licensing  schedule. 
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(4)  The  effects  of  dam  failure  both  upstream  and  downstream  of  the 
site  should  be  evaluated.  Also,  the  Possible  Maximum  Flood 
requires  further  analysis  as  does  the  general  hydrology  of  the 
New  River  and  Stroubles  Creek  at  RAAR. 

(5)  The  potential  for  ground  water  contamination  of  the  Price  and 
Mecrady  Formations  at  the  site  should  be  investigated.  Local 
ground  water  users  should  be  identified  in  order  to  determine 
the  impacts  of  potential  contamination. 

(6)  More  extensive  geological  and  seismic  investigations  in  the  site 
and  near  vicinity  are  indicated.  Specifically,  these  studies 
would  entail  the  performance  of  geologic  and  foundation  borings, 
local  geologic  mapping,  and  further  analysis  of  the  Safe  Shutdown 
and  Operating  Basis  Earthquakes.  Soil  and  rock  samples  recovered 
from  the  boring  investigation  should  undergo  laboratory  testing 
to  determine  what  the  allowable  foundation  loads  may  be  and  to 
predict  settlements. 

(7)  It  is  also  recommended  that  discussions  with  the  Nuclear  Regula- 
tory Commission  be  initiated  in  order  to  define  the  possibility 
of  obtaining  waivers  from  certain  regulations  and  guidelines 
based  on  the  unique  design  of  the  PE-CNSG.  For  example,  the 
Low  Population  Zone  and  Exclusion  Area  Radii  may  be  .lessened 
based  on  what  is  believed  to  be  a more  conservative  design. 
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